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Announcement of the Change of 
Name of This Publishing 
Company 


The name of Engineering and Contracting Publishing Co. 
has been changed to Gillette Publishing Co. No change of 
ownership or of publishing policy is involved in the change 
of name. 

This company publishes four monthly magazines, three 
annual consolidated catalogs, and a group of technical 
books. 

Three of the magazines, Engineering and Contracting, 
Roads and Streets, and Water Works, are well known to 
most of our readers. A fourth magazine, Municipal News, 
has just been added to the group. 

Municipal News is the new name of the oldest municipal 
magazine in America, namely Municipal and County Engi- 
neering. 

These four magazines will have a combined circulation of 
not fewer than 75,000 copies monthly, during 1928, dis- 
tributed thus: 


Engineering and Contracting............................ 27,000 
Roads and Streets............ eaaias Senaanbgiiasanbaanaiias 27,000 
a, on eee 16,000 
TEI PUUDOUID :cdssicsthincdidesisinnicapiaienninibiabndetentisilinit 5,000 

| ERR Re EE 75,000 


We take this occasion to invite authors to submit manu- 
scripts or outlines of projected technical books that relate 
to the fields covered by our four magazines. 

We shall be glad to send a sample copy of any of our 
Magazines upon request. 

GILLETTE PUBLISHING Co. 





The Mistaken Opposition to 
Highway Bond Issues 


Under the title of “The Road Bond Folly,” the Grand 
Rapids Press some time ago printed an editorial that is 
full of misunderstanding of the economics of bonding for 
road construction purposes. Yet it is the sort of editorial 
that sounds plausible and is therefore reprinted by other 
papers. We shall quote it first in full, and then comment 
briefly on its errors. 


m - Small of Illinois, forcing through his legislature a bond issue 
ill of $174,000,000 for good roads, offers to the entire nation an exam- 


ple of the wrong way to finance and build highways. It comes at a time 
when the country needs a lesson. 

Before the roads authorized in this bill are paid for, which means in 
the thirty years of the issue, they will have been worn out and replaced 
several times. No profit whatever lies in passing on the burden to the 
future in this way, multiplying the total amount spent by an interest 
charge which will bring the whole cost to more than half a billion. 
Highways are a type of public construction which should be paid for 
out of current receipts as the work goes on. Maintenance and replace- 
ment is more or less constant. Anyone can appreciate the difference 
between a bond issue for quick depreciating roads which will,be a per- 
sistent expense anyway, and a bond issue for a local school house which 
will last for thirty years. If a town could be sure that its expansion 
would require a new schoolhouse every year it would be folly to bond 
and pay interest. 

Politics and patronage of course had a tremendous part in the Illinois 
program ; votes were sold for unnecessary “‘neighborhood roads” through- 
out the state. Michigan has a sound and sane highway plan. Though 
this state also passed a tremendous road bond issue during the big figure 
period after the war, the people as a whole have come to their senses and 
are all for paying as they go, by such means as the gasoline tax. 


A legitimate complaint against the Groesbeck administration is that the 
governor's political manipulations have obliged us to play the boob trick 
of further bond selling this summer, and imitating, though we know 
better, the plan of Gov. Small. 

It is evident that the editor who penned this criticism of 
bond issues for road construction knows very little about 
the history of road building in America. It was not until 
New Jersey, Massachusetts, Connecticut and New York, in 
the early 90’s, adopted “state aid in road building” that 
the first marked advance in road improvement began. State 
aid spread half the tax burden over the entire state, and 
bonding spread it over a long period of years, thus making 
it feasible to build hard roads at a fairly rapid rate. Prior 
to that America had been noted for its “mud canals” and 
“dust reservoirs,” as its roads were designated. Then state 
after state followed the precedent set by the four states 
above named, until not a single state remains that does 
not share in the cost of road improvement, and nearly all 
of them have issued bonds for the purpose. 

“State aid” and bonding have been the means by which 
great progress in road improvement has been made. It is a 
mistake, therefore, to condemn either “state aid” or bonding. 


Turning to the broad question of bonding for construc- 
tion purposes, let us consider its economic features. The 
people who buy bonds furnish all or part of the money with 
which to build. Railroads, public utility and industrial 
companies raise about half their capital through the issu- 
ance of bonds; and it-is conceded that bonding is an eco- 
nomic procedure for them. Tell us, then, wherein what is 
wise for private corporations is folly for public corpora- 
ions? Whether the money for construction is raised by 
bonds or by taxes, it is secured from that part of the 
public that possesses capital. But the possessor of capital 
is always loath to part with much of it unless he sees a quid 
pro quo, and he seldom sees any quid for his quo when 
directly taxed. On the other hand, if he is paid interest 
he gladly lends large sums of money that he would fight 
against having taken from him as a tax. 

Of course the interest on public bonds must be raised by 
taxation, but annual interest at 5 per cent is readily secured 
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by taxation, whereas a bitter battle would be waged against 
paying the full 100 per cent of the construction cost at one 
stroke. It is 20 times easier to get the annual interest 
plus a small sinking fund than it is to get the entire prin- 
cipal at once by taxation. 

The only important questions that remain are two: (1) 
Are the proposed road improvements desirable? (2) How 
shall the interest on the bonds be raised? 

Road improvement, rapid though it seems to be, lags far 
behind the requirements. The annual expenditure for motor 
vehicles is several fold the annual expenditure for high- 
ways. Our road improvement program is really in its 
infancy, even though most of the roads themselves are old. 

The gasoline tax furnishes one excellent method of financ- 
ing road improvement. Doubtless real estate taxation should 
also be used to raise the needed funds. 

The Grand Rapids Press states that the roads will have 
been worn out and replaced several times during the 30-year 
life of road bonds. This also is a mistake. The culverts, 
bridges, roadbed and road foundation usually have a life far 
greater than 30 years. Road surfacing may average less 
than 30 years, although we believe that for most country 
roads the life of a well built surface on a proper foundation 
will equal or exceed 30 years. But whether the life of the 
road surface is more or less than 30 years has nothing 
whatever to do with the question of bonding. The cross- 
ties in a railway track average about 10 years in life; the 
rails, 20 years; the rolling stock, 25 years; and even the 
bridges and buildings, for the most, do not outlive the initial 
bond issues. The equipment of modern industrial plants 
has a life of about 10 years. The average life of the entire 
telephone plant and equipment in America is less than 20 
and about the same is true of the life of electric 
light and power plants. Yet bond issues of 30 to 50 years 
are common for all such properties. All that is needed 
(and utility bond holders insist upon this point) is that 
replacements and repairs be paid out of current income 
and not by new issues of bonds. The very same practice 
can be, and usually is, adopted by our states, counties and 
cities in maintaining our highways. 

The editor speaks from an experience of 35 years in 
the highway field and more than 20 years in the public 
utility field. And in both fields he has gathered a great 
deal of data, so that his conclusions are founded on many 


facts and no fancies. 
LC LE nes 
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The Prospect of a Five-Day Week 


*““Man’s work is from sun to sun, 
But woman’s work is never done,” 


seems an ancient saw, yet it may be not much more 
than a century old, for within the last century the 
common work day was from sunrise to sundown. As 
late as 1840 the average work day was 11 hours long, 
and in 1890 it was 10 hours long, according to the 
statistician, Falkner, in the celebrated Aldrich com- 
mittee report to the United States Senate. To men 
of 40 years or older it is needless to say that there 
were six full days in the working week for nearly all 
workers prior to 1890. 

Now that we are entering the era of the 5-day week, 
and are hearing many condemnations of it, let us look 
backward a little at the progressive decrease in working 
hours. We may then be less sure that the 40-hour 
week is many years ahead of its schedule, and we may 
also see that it will become universal only by degrees 
and only as the average output per worker increases. 








More than five years ago, in Engineering and 
Contracting, Aug. 31, 1921, the editor summarized an 
extensive investigation that he had made into the 
matter of wages and commodity prices. He showed 
there that the average wages in America had approxi- 
mately paralleled per capita money, and that per capita 
money had approximately paralleled per capita pro- 
ductivity. Hence, average wages had been proportional 
to the productive efficiency of the workers. It also 
was shown that the wage level was five times as high 
in 1914 as in 1814, although commodity price levels 
were about the same in those two periods. 


Since the average working week was probably not 
much less than 72 hours long in 1814, and not much 
more than 48 hours in 1914, we see a decrease of 
about one-third in the working hours accompanying a 
400 per cent increase in productivity and in wages, both 
money wages and “real” wages. 


Tke 44-hour week is quite general now, and it has 
taken only 12 years to attain it since the 48-hour week 
became general. In light of such facts it seems reason- 
able to anticipate that the 40-hour week will be prev- 
alent within 10 years. It has arrived in one large 
factory that is noted for its high productivity per 
worker, and will doubtless be adopted here and there 
by other factories whose employees show high efficiency. 
But as the 48-hour week was slow in spreading, and as 
the 44-hour week was equally slow in being generally 
adopted, so will the 40-hour week make slow progress. 


The 40-hour week seems likely to be adopted in the 
building industry before it finds general acceptance 
by any other industry, because the erection of buildings 
is a local business, and local businesses more readily 
respond to such an innovation than do those that com- 
pete nationally. On the other hand, the building 
workers’ unions may retard the adoption of the 40-hour 
week by their refusal to do 44 hours work in 40 hours, 
although that increase of output could easily be 
accomplished. 

There are few trades that can show less justification 
for being granted a five-day week than the building 
trades, first, because builders do not average 200 days 
of actual work annually; second, because building 
artisans, taken as a class, do not attempt to give a full 
day’s effort for a full day’s pay. Without realizing it, 
they are among the beneficiaries of the increased pro- 
ductivity of other classes of workers. Carpenters, 
brick layers, masons, painters and plumbers still do 
their work, for the most part, with primitive tools. 
Since greatly increased productivity is mainly due to 
machinery, it follows that building artisans have 
assisted little, if at all, in enabling American workmen 
to secure the highest “real wages” ever secured. Indeed, 
it is the consensus of opinion among building con- 
tractors that building artisans do much less work per 
day than they did before the world war, and that even 
then their union restrictions had made them far less 
efficient than were their fathers. Had it been the 
policy of all American workers to restrict output and 
to oppose the introduction of machinery and piece-rate 
payments, there would be no such wages for the build- 
ing artisans as they now enjoy and no five-day week 
in prospect for them or for any other class of workers. 

Let it never be forgotten that the 40-hour week for 
workers is the direct outcome of the nearly 80-hour 
week of our Edisons and the engineers and business 
men who have put their inventions to use. 
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The Highway Traffic Problem 


A Paper Presented at the 13th Annual Road School at Purdue University 


Deputy Engineering Executive, Pennsylvania Department 


Traffic is the human equation and 
the first cause in the highway problem. 
Logically, it is fu&damental to the 
highway official, engineer and student. 
Increased traffic creates additional de- 
mands upon the highways. Traffic as 
a factor enters every principal division 
of highway activity, administration, 
finance, location, design, construction 
and maintenance. 

Defining the Traffic Problem.—The 
traffic problem more often is the future 
development of transportation than the 
care for present conditions. 

Before the introduction of the auto- 
mobile, transportation by road was 
comparatively light. Graded roads 
were considered adequate to carry the 
traffic in most places. Gravel or water- 
bound macadam sufficed to carry the 
heaviest loads, and except in metropoli- 
tan areas there was no crowding of 
traffic. 

Development of the automotive in- 
dustry, great increase in efficiency of 
performance of motor vehicles, steady 
reduction in first costs and in costs of 
operation, considerable road improve- 
ment, increasing population and pros- 
perity have released a flood of highway 
traffic beyond previous comprehension 
and we must expect future years to 
bring increased traffic demands. In 
certain locations traffic is now over- 
taxing our improved road facilities, 
while in other places our roads have 
not been given any surface improve- 
ment. Expediency in most cases de- 
mands that the work of completing the 
system be given priority over the work 
of reinforcing overloaded parts of the 
system. The expectation of future 
large increase in volume of traffic 
makes the problem serious. 

The Traffic Problem in Itself.—The 
development of motor traffic is largely 
measured by motor vehicle registration. 

In 1895 there were four motor ve- 
hicles in the United States; in 1900, 
there were eight thousand; in 1905, 
seventy-eight thousand; in 1910, a little 
under half a million; in 1915, a little 
under two and one-half million; in 1920, 
more than nine million; in 1925, nearly 
twenty million; and in 1926, twenty-two 
million, three hundred and thirty thou- 
sand. 

Relation of Motor Vehicle Registra- 
tions te Population.—In 1925 there was 
one motor vehicle to each 6.5 persons 
of population. In California the ratio 
of population to registration was low- 
est (3.20). Iowa’ was second with a 
ratio of 4.08; Indiana eleventh with 
4.95; Ohio seventeenth with 5.36; Illi- 
noi: twenty-fourth with 6.32; New 
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York thirty-eighth with 8.25; and Ala- 
bama forty-ninth (last) with 14.39. 

Pennsylvania is the twenty - ninth 
state in order with 6.87 persons per 
motor vehicle as compared with the 
United States average of 6.5. In Penn- 
sylvania the percentage of rural popu- 
lation is 35.7, while the corresponding 
figure for the entire United States is 
*48.6. 

What may be the minimum figures 
of ratio that will be reached in the 
various states we do not know, but we 
are certain that the so-called “satura- 
tion point” has not been generally 
reached as yet. 

Road systems are not yet complete 
and their continued development and 
ultimate completion will undoubtedly 
encourage increased registrations. 

Motor vehicle prices have been de- 
creasing, while almost all other prices 
have been increasing. The National 
Automobile Chamber of Commerce in 
its “Facts and Figures of 1926” shows 
that from 1914 to 1925 the automobile 
dollar increased from 1.00 to 1.16, while 
the cost of living dollar went from 1.00 
to 0.59. It is not unreasonable to ex- 
pect that the future will see continued 
reduction in prices, and that continued 
prosperity will sustain increasing mo- 
tor vehicles registration in ratio to 
population. 

There is a tendency for lighter cars. 
This has been developed to a high 
point of efficiency in continental Eu- 
rope. We may expect similar develop- 
ment in this country. 


Relation of Traffic to Registrations.—— 
It is generally assumed that traffic in- 
creases with registrations. In other 
words the theory is that the annual 
mileage of travel per vehicle remains 
about the same from year to year so 
that as the number of motor vehicles 
in use increases the total of motor 
vehicle traffic also increases: 

As a matter of fact, the combined in- 
fluence of increased efficiency of auto- 
motive equipment, decreased operation 
costs and increased road facilities (no- 
tably uninterrupted use of the roads 
throughout the winter) must be ex- 
pected to continuously increase the 
ratio of traffic to registration from 
year to year. 

Observations in Maine (“Public 
Roads,” May, 1925, page 55) show that 
the average daily traffic in per cent of 
total registration increased from 23.6 
to 26.0 between 1916 and 1924, and the 
records of Maryland, Massachusetts 
and Wisconsin indicate some expansion 
of annual travel mileage per vehicle 


~ $1920 U. S. Census. 
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of Highways 


between 1919 and 1924 (United States 
Bureau of Public Roads, and Pennsyl- 
vania Department of Highways cooper- 
ative survey of transportation.) 

The use of the highways by common 
carriers is a very recent innovation, but 
the indications are that many of our 
highways will in the near future carry 
scheduled passenger and freight con- 
veyances operating under control of 
the State Public Utilities and Interstate 
Commerce Commissions. 

Within the economics life of the flex- 
ible types of road surfaces that we are 
now building in Pennsylvania, we ex- 
pect traffic to double in volume. 

It is to be expected that United 
States Census curves produced will pro- 
vide closely approximate estimates of 
population for the future years in 
which we are interested and that the 
population curve can be applied in at- 
tempting the solution of the traffic 
problem. 


The Traffic Problem in Practical Ap- 
plication to Highways Traffic and Ad- 
ministration.—The traffic to be carried 
determines the layout of the highway 
system and necessitates or justifies the 
expenditures of public funds for con- 
struction and maintenance, whether the 
road system under construction is a 
township unit, a county unit, or a state 
unit. 

Whether the study of the traffic is 
made through a systematic and com- 
prehensive traffic census and transport 
survey, or whether the information is 
that which a local official has gained 
by his personal familiarity with the 
road and its environments, it is a gen- 
eral fact that road systems and road 
improvements are planned and admin- 
istered for the traffic that they carry, 
or are expected to carry. 

Operation revenues of state highway 
organizations are almost universally 
derived from motor vehicle license and 
gas tax. Hence increasing registra- 
tions and traffic provides greater reve- 
nue simultaneous with necessity for 
greater expenditures for road mainte- 
nance and the demand for more exten- 
sive road improvements. 


It is only natural that when question 
arises as to expenditures for road im- 
provements, the final decision should be 
based largely on a study of traffic con- 
ditions both as to apportionment of 
funds and manner of expenditure. 

There is always the economic law to 
be considered, that the carrying 
charges on the road, interest and de- 
preciation, and the maintenance costs, 
together with the cost of operating for 
the road users, must be within the 
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value of the use of a road to make con- 
struction and maintenance a good in- 
vestment. 

Laying Out the System.—The first 
influence of traffic is in the selection of 
the road system. It is a general con- 
dition that in any given locality a cer- 
tain percentage of the roads may be 
designated as of principal importance 
and these principal roads will carry a 
much larger percentage of the total 
volume of the areas traffic than the 
percentage of their mileage is of the 
total mileage of public road in the area. 

Disregarding the traffic on city 
streets, it is generally true that one- 
tenth of the rural roads of a locality 
will carry three-fourths of the traffic. 
Therefore, a comparatively small mile- 
age of road in any locality can be de- 
pended upon to carry the bulk of the 
transportation if the system is laid out 
with due regard to the traffic needs. 

The volume of traffic furnishes a 
measure by which to test the economies 
of relocation and grading. A shorten- 
ing of line or a reduction of grade will 
lessen the cost of operation for each 
vehicle using the road. The total vol- 
ume of traffic, therefore, indicates the 
annual saving in operation and that is 
to be considered in connection with 
costs of relocation and grading. 

Classifying the Roads.—Classification 
of highways according to the expected 
loads these highways will carry is, 
therefore, the logical result of traffic 
studies. The probable classification 
would be industrial, semi-industrial, 
and non-industrial, or light traffic 
roads. The industrial highways would 
be those carrying a large percentage of 
maximum weight trucks, the semi- 
industrial carrying a very small per- 
centage of heavy trucks but a large 
number of medium weight trucks, and 
the non-industrial carrying principally 
passenger car traffic. 

It is logical and it is the right of the 
traveling public which is substantially 
the taxpaying citizenship, to expect 
that the routes which carry the most 
travel will receive preferential atten- 
tion. 

Selecting the Type of Improvement. 
—The nature of traffic, that is, the 
amount and frequency of heavy wheel 
loads, practically determines the type 
of surface improvement. The surface 
to be laid should be such as will justify 
itself by carrying traffic at reduced op- 
erating cost and with a reasonable road 
cost including interest, depreciation and 
maintenance. 

A light type surface will carry up to 
a certain amount of wheel load without 
injury, and will carry an occasional in- 
jurious load with such slight damage 
that the annual cost of the light type, 
including repairs, will still be less than 
the costs of a higher type surface. In 
some instances there are practical con- 
ditions, scarcity of funds or difficulties 
of construction, that retard the transi- 
tion to heavy type. 


Increasing frequency of injurious 
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wheel loads, however, will, at a certain 
point, justify increased expenditure for 
surface construction, especially if con- 
sideration is given to the fact that 
traffic is subjected to annoyance by fre- 
quency of repairs and by the deterio- 
rated road surface awaiting repair. 
The study of the weight of the wheel 
loads and their frequency, as affecting 
type of construction, is taken into ac- 
count in best practice in the province 
of design. An example is the formula 
of the so-called corner theory in which 
the thickness at the edge of the pave- 
ment is calculated from the formula: 


J 3w 


Ss 


D = 





Where D equals thickness at edge of 
pavement, 
w equals rear wheel load; 
s equals working unit stress 
in the concrete. 

When wheel load w is repeated a 
large number of times during the day 
the working stress s should not exceed 
50 per cent of the modulus of rupture 
of concrete. The modulus of rupture 
may be taken at 700 lb. per square inch. 
When heavy wheel loads are repeated 
infrequently, say not more than five 
times per day, the working unit stress 
might be allowed to equal three-fourths 
the modulus of rupture. The center 
thickness d is calculated from the for- 
mula: 

d = xD 


Determining the Width of Pavement. 
—Traffic largely determines the extent 
of road surface to be provided. This is 
the heart of the traffic problem. The 
essential characteristic of the public 
road is that it is open to the public and 
the traffic demand is for roads of ade- 
quate carrying capacity. 

Preliminary to the consideration of 
the question of carrying capacity, there 
are five important conditions: 

First. Within reasonable limits the 
public is free to enter and use the road 
at discretion as to points of entry and 
departure, and as to direction and 
speed of travel. As a general rule 
there can be no supervision over rout- 
ing (no train dispatchers), and a single 
track cannot be made to serve the pur- 
pose of a double track by the addition 
of occasional turnouts. 

Second. A conglomeration of freight 
and passenger business which tends to 
cause confusion and congestion must 
be permitted. 

Third. At the present time, there is 
not the effective apprenticeship or con- 
trol over highway drivers such as the 
railroads provide for their locomotive 
drivers and the fallibility of automobile 
drivers must be accepted as a road con- 
dition that increases the required factor 
of safety and lessens the real capacity 
of the road. 

Fourth. It must be assumed that the 
time of the traveler is valuable and he 
must not be needlessly delayed. 
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Fifth. Road hazards must be elim- 
inated as far as possible and minimized 
when they cannot be eliminated. 

If we were free to assume that motor 
traffic could be handled in continuous 
lines spaced only with respect to avoid- 
ing danger of ramming when one ve- 
hicle in line might slow down or stop, 
and if we could bottle up traffic and 
disregard road delays, the carrying ca- 
pacity of our two land highways would 
be so great that there would be very 
few cases that would involve extra 
width roads. 

According to a Pennsylvania compu- 
tation which checks sufficiently close 
with Los Angeles observations, a single 
line of traffic with the vehicles moving 
at from 10 miles per hour to 30 miles 
per hour, and spaced at intervals in- 
creasing with the speed, sufficient to 
avoid risk of ramming, might run 2,000 
to 2,400 vehicles per hour, say 50,000 
vehicles in 24 hours. Then the two 
lanes of a double lane road running 
full would have a carrying capacity of 
100,000 vehicles per 24-hour day. These 
figures actually bear only remote con- 
nection to practical figures of annual 
daily average. 

The characteristic advantage of high- 
way transportation is the freedom of a 
driver to overtake and pass a slow mov- 
ing vehicle, and the preservation of 
this favorable feature of highway traf- 
fic without sacrificing safety of opera- 
tion sets the practical limit on carrying 
capacity. 

In order to permit constant passing 
the total number of cars on a 2-track 
road should not exceed the theoretical 
capacity of a single lane, that is to 
say, a 2-lane road should not carry 
traffic exceeding about 2,000 vehicles 
an hour. 

A general condition as demonstrated 
in Pennsylvania is that the roads carry 
the greatest volume of traffic Sunday 
afternoons in late July and early Au- 
gust. 

We cannot expect a full hour of uni- 
form flow of maximum traffic without 
some congestion, but it would not be 
practical to build for unusual conditions 
or for occasional peak loads, and it is 
to be understood that our roads must 
be expected to carry occasional brief 
overloads such as on Sunday afternoons 
in summer and on special occasions 
such as county fairs, automobile races 
and football games. 

In addition to the variation of traffic 
occurring from hour to hour, from day 
to day, and from season to season, 
there is a natural change, an increase 
in volume, of traffic approaching the 
cities. The name “trunk” applied to 
our principal roads is very apt. 

Approaching cities, branch roads in- 
tersect and traffic converges and grows 
in volume. Hence it may be necessary 
to increase the width of the road to 
carry the increasing traffic. For ex- 
ample, the Lincoln Highway approach- 
ing Philadelphia is 18 to 20 ft. wide to 
Downingtown (about 30 miles from 
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Philadelphia), 30 ft. wide between 
Downingtown and Paoli (about 15 
miles from Philadelphia), and 40 ft. 
wide between Paoli and Philadelphia. 

Four lanes permit segregation of 
slow travel to the outer lanes and unim- 
peded use of the inner lanes by rapid 
travel so that a 4-lane road may be 
said to have a capacity of 4,000 vehicles 
per hour or 12,000 vehicles annual daily 
average, plus whatever slow travel may 
occur, usuaily 10 per cent to 20 per 
cent additional. 

Adding one lane width to relieve 
congestion of a 2-track road is not 
looked upon with universal favor. 
There is some ground for the criticism 
that the use of a middle path for 
passing from either direction involves 
risk. Practically, however, some roads 
are liable to occasional crowding of 
one-way travel and the three-lane road 
may be a very serviceable transition 
between two-lane and four-lane width. 

Car Mile Costs.—The effect of traffic 
on maintenance costs is important. In 
general, maintenance and repair of 
road surfaces are necessitated by traf- 
fic and weather. With most types of 
surface, a certain amount of traffic is 
a preservative rather than a destructive 
agent. On an earth, gravel, or stone 
road, light traffic will keep the road 
from heaving. 

Bituminous binders will retain their 
life, that is, their elasticity, longer if 
they are under compression at moder- 
ate intervals than if they are permitted 
to lie dormant. Even in the case of 
hard surfaced roads a certain amount 
of weight of traffic is helpful in reduc- 
ing, in some cases it cannot eliminate 
but will alleviate, subgrade upheaval 
and temperature expansion. 

The amount of traffic that is benefi- 
cial to various types of road surface 
under different conditions is not known 
definitely but it is generally a small 
percentage of the volume of traffic that 
the particular type of road will carry 
economically, so that in practice we are 
accustomed to consider that mainte- 
nance costs increase with the volume of 
traffic. Records in Pennsylvania show 
maintenance costs increasing with vol- 
ume of traffic for all types except hard 
surfaces. Our hard surfaced roads are 
comparatively new and so far do not 
show sufficient wear to determine rela- 
tive effects of varying volume of traffic. 

The final measure of costs is the ve- 
hicle mile or ton mile. Including al- 
lowance for depreciation and interest 
on the costs of construction as well as 
maintenance and repair costs, a number 
of sections of road in Pennsylvania on 
which we have investigated show with 
fair consistency vehicle mile costs rang- 
ing between a fourth and a half of a 
cent. 

Highway economies have not reached 
a stage where we can say definitely 
what constitutes ‘the best practice in 
this respect, but there is a certain ap- 
parent advantage to be gained by com- 
bining the two units of traffic, passen- 
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ger and treignt, and using gross tons 
of freight vehicles with approximate 
weight equivalents of passenger ve- 
hicles. 

There is a considerable difference in 
the tire equipment of these two classes 
of vehicles, but a balancing difference 
in speed, so that gross weights of pas- 
senger and freight vehicles can reason- 
ably be combined for general study. 

This usage offers the advantage of 
brevity and convenience over the use 
of combinations of passenger and truck 
figures. Whatever form of expression 
is used, the vehicle mile cost, or ton 
mile cost, is a figure that is of great 
interest in connection with problems of 
selection of type for improvements. 

Special Features of the Traffic Prob- 
lem.—The development of an improved 
road system in any place attracts and 
develops traffic. People will travel 
longer distances if necessary to ride on 
improved roads and established busi- 
nesses will be increased and new busi- 
nesses encouraged by comprehensive 
improvements. The improvement of a 
road always brings an increase of 
travel, occasionally an increase far be- 
yond anticipation, and may bring a 
kind of traffic not previously known to 
the locality. 

A class of traffic that has already 
reached significant proportions on some 
of our roads and promises to become 
an increasing factor in the future is 
the commercial vehicle operating under 
the jurisdiction of the State Public Util- 
ities and Interstate Commerce Commis- 
sions. This class includes interurban 
passenger busses and common carrier 
freight trucks. These increase the 
number of vehicles that are of much 
greater weight and body dimensions 
than the average passenger car, and 
they are more seriously affected by 
sharp curves and steep grades, so that 
they are a factor in the design of sur- 
face and furnish additional reason for 
reducing curvature and gradient. They 
very often travel at a lower rate of 
speed than the individual passenger car 
prefers so that their greater body di- 
mensions complicate the passing prob- 
lem at times. 

The public roads are provided for 
the public use and it is not proper to 
restrict the use of the road except in- 
sofar as the public good definitely re- 
quires. Accordingly, the weight and 
dimension limitations on vehicles are 
very liberal and the large size vehicle 
and the heavy load are constantly be- 
coming of greater importance espe- 
cially in the vicinity of our larger 
cities. 

In some cases it is necessary to cur- 
tail the privileges of the individual for 
the good of the public. Reckless driv- 
ing and obstructing traffic are both 
such grave infringements on the rights 
of others that they cannot be permitted 
on the public highways. Accordingly, 
it has become general practice to for- 
mulate regulations and enforce them 
by means of a motor patrol. 
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Each state establishes its own laws. 
Through the Association of Automobile 
Registrars uniform practice will even- 
tually be worked out. The principal 
features of the laws are now practically 
universal, a maximum speed limit gov- 
erning except in certain zones which 
are posted for reduced speed, no park- 
ing with all four wheels on road sur- 
face, no parking on curves or hills, no 
passing on curves, hills, or at road 
crossings, no glaring headlights. To 
increase the carrying capacity of roads 
and in an attempt to reduce accidents 
due to passing, minimum speed limits 
are being established in some states. 

Present day traffic conditions have 
made “Service and Safety” the watch 
words of the highway departments. In 
1917 there were 9,097 automobile fatal- 
ities; in 1920, 11,074; in 1923, 16,452; in 
1925, 19,828. It is true that the fatali- 
ties in ratio to registrations have de- 
creased from 178 per 100,000 in 1917 to 
100 per 100,000 in 1925, but the actual 
number of accidents is more important 
than registration ratios. In addition to 
fatalities there are many accidents in 
which persons are uninjured. In Penn- 
sylvania in 1925 the number of acci- 
dents reported on state highways was 
1,666 with a toll of 135 killed and 1,501 
others injured. 

Highway Marking.—The so - called 
“tourist traffic” has become a percep- 
tible percentage of the total travel. 

For this reason, and also because if 
we build, mark and maintain our roads 
in such a way that we furnish complete 
and safe service to the visiting driver, 
the local driver will unquestionably be 
provided for, the Pennsylvania practice 
is to plan for the visiting driver. 

Telephone poles along state highway 
routes are whitewashed, ali routes num- 
bered, marked conspicuously on the 
road and on maps that are available 
for distribution. Substantial direction 
signs are placed at intervals along the 
road and where temporary detours are 
necessary, they are marked and each 
week maps showing what detours will 
be in use for the following week are 
circulated. 

Substantial roadside signs are placed 
to provide warning for curves, steep 
hills, railroad crossings and road inter- 
sections. 

Supplementary warning signs are 
painted on the pavement for railroad 
crossings, road intersections and steep 
hills. Traffic line is painted along the 
center of the pavement at railroad 
crossings, road intersections, at curves 
and on hills, and no passing or parking 
is permitted in the zone of the traffic 
line. Reflector signs are provided to 
furnish warning for drivers at night. 
Railroad grade crossings, narrow 
bridges and all road obstructions are 
being eliminated or safeguarded as rap- 
idly as possible. 

Snow Removal.—The most striking 
example of traffic service is in snow 
removal. Pennsylvania’s handling of 
this problem illustrates present prac- 
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tice. The principal routes (about one- 
half of the mileage) of the state system 
are designated as the “Snow Removal 
Program” and the orders are that these 
roads be kept continuously open. 

Additional main roads may be opened 
but may not interfere with keeping the 
Program roads open. Truck and trac- 
tor equipment, moldboard plows, V- 
plows and rotaries are distributed and 
with operators are held in readiness for 
duty in heated garages in each of 52 
maintenance districts. 

Snow is removed from the entire road 
surface and from an 18-in. strip of 
shoulder along each side of the road. 
Hills that become slippery are covered 
with a scattering of stone chips or 
cinders. 

The purpose is to take care of the 
traffic, as it comes, in such way that 
the driver, whether or not he is famil- 
iar with the locality and road, need 
only exercise reasonable care to be as- 
sured of reaching his destination with 
a safe, comfortable and expeditious 
trip, the every-day solution of the traf- 
fic problem. 





Code of Ethics of Ontario 
Road Contractors 


Highway contractors of the Prov- 
ince of Ontario, Canada, have formed 
a new organization to be known as the 
Ontario Road Contractors Association. 
At this organization meeting, on Feb. 
23, the following code of ethics was 
adopted: 

To the Engineer:—He is a repre- 
sentative of a profession that for long 
ages has borne worthily a reputation 
for superior skill, sound judgment, 
high accomplishments and unimpeach- 
able integrity. Until by his own ac- 
tion or words he forfeits my apprecia- 
tion, I shall assume that the engineer 
under whom I am a contractor is a 
worthy representative of his profes- 
sion, and shall treat him as such. I 
will in letter and spirit co-operate 
with him in the conduct of the work 
to a satisfactory conclusion. If I find 
his designs in error so as to cause 
failure to the work or serious loss to 
the principal, I will, in a fair and 
courteous manner, inform him before 
extra and unnecessary cost has been 
incurred. If the work does not pro- 
gress in amity, I shall be sure the 
fault is not with me. 

On the other hand, I shall maintain 
the dignity and responsibility of my 
own position against all unwarranted 
actions or demands, without fear or 
malice, but with full determination to 
secure my rightful dues. 

To the Principal:—My principal in 
all public works is the people in the 
persons of their duty elected or ap- 
pointed representatives. From the 
positions they occupy, I must assume 
that all such persons enjoy the confi- 
dence, possess the necessary qualifica- 
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uons and bear loyal allegiance to the 
public interest they represent. 

It is their responsibility to decide 
and design the works that shall be 
constructed by and for the people; 
where, when, and how. 

My privilege is to contract for their 
construction and it is my duty to exe- 
cute with honesty, efficiency, and dis- 
patch, any contract awarded to me. 

It is my right to expect the elimina- 
tion of unfair or onerous provisions, 
restrictions, or regulations of the en- 
gineer which, if continued, tend to 
render the work unnecessarily costly 
to the principal or unprofitable to me 
without commensurate benefit in the 
quality of the work. 


To My Brother Competitors — To 
Every Other Contractor: — He has 
troubles of his own—just like mine. 
He has the right to exist and to un- 
dertake contracts—just like me. He 
is hurt and offended when subjected 
to misrepresentations, slanders, petty 
larceny of his valuable employees, or 
grand larceny of any contracts right- 
fully his, just as I am. I cannot 
expect him to spare me if I be guilty 
of any such practice. Therefore I will 
scrupulously refrain therefrom. 

I will not dishonestly or ignorantly 
disparage the personal character or 
the works of my competitor to anyone 
for any reason, nor carelessly for no 
reason. This pledge shall also bind 
me not to similarly overrate his qual- 
ifications to the detriment of prin- 
cipals, other contractors, or myself. 


I will refrain from causing him loss 
or embarrassment by deliberately at- 
tracting from him any of his em- 
ployees. 

I will not knowingly bid too low a 
price with the deliberate intention of 
causing my competitor loss, but only 
such a price as I am willing and ready 
to accept for the faithful execution of 
the contract myself. Having bid hon- 
estly, I will not unfairly reduce my 
price to secure a contract away from 
any other contractor. I shall, how- 
ever, be free to maintain by all fair 
means any superior claims I may 
have that the contract should be 
awarded to me at my higher price. 


To My Employee:—I shall be fair 
and just to my employee, and refrain 
from taking any improper advantage 
of his weaknesses, poverty, or depend- 
ence. I shall encourage him to im- 
prove his status by fitting himself for 
higher duties. I shall encourage him 
in the proper discharge of his debts to 
his creditors and the proper mainten- 
ance of his family. I shall demand 
from him industry, efficiency, and un- 
divided loyalty. 


To Myself:—I have adopted con- 
tracting as my vocation. I have in- 
vested my time, energy, and money 
in this vocation. I shall seek to 
improve myself, my organization, my 
equipment, and my methods so that I 


may the more efficiently, satisfactor- 
ily, and profitably conduct my opera- 
tions. If by so doing I am able to 
secure a larger profit on my work 
than my less efficient competitors, it 
is ethical for me to retain such profits. 
It is also ethical that I should share 
prospective profits on future work 
with my principal by submitting such 
decreased prices as my greater effi- 
ciency makes possible. Providing al- 
ways that I owe it to myself and to 
all the other relations specified therein 
that I bid so as to secure a fair (or 
plus fair) profit on all contracts for 
which I accept the responsibility of 
satisfactory execution. 





Sand-Clay Surfacing in North Dakota 


The method of sand-clay construction 
used by the North Dakota Highway 
Department is described by J. E. O’Neil, 
Construction Engineer of the Depart- 
ment, in the North Dakota Highway 
Bulletin, as follows: 


In the construction of road through- 
out portions of the state where lighter 
soil is encountered, it is sometimes 
found that the natural soil is too sandy 
to compact properly under traffic and 
in some cases it is not deemed advis- 
able to place gravel on such loose, 
sandy subgrade as the gravel under 
heavy traffic mixes with the sand sub- 
soil and therefore will not compact and 
in a short time is an entire loss. In 
such instances, it is found practicable 
to place a clay mat of from 2 to 4 in., 
depending upon the amount of clay or 
binder that is contained in the subgrade, 
and after placing the same it should 
be properly mixed by means of double 
plowing, discing and harrowing until 
the entire top is thoroughly mixed. 
Traffic is then kept off the road until 
the surface is thoroughly wet down, 
puddled and shaped. From our expe- 
rience with sand and clay surfacing, we 
believe that the thorough mixing of the 
materials is the secret of the success of 
sand-clay surfacing. Where such ma- 
terial is not thoroughly mixed, small 
patches compact and the portions im- 
mediately adjacent pocket out thereby 
leaving a rough and hard riding surface 
as well as a road that is almost impos- 
sible to maintain properly until such 
time as the entire surface is scarified 
and remixed. 

Before deciding on the amount of clay 
necessary, a comparative sample is 
taken of the portion to be surfaced, this 
sample is tested and the amount of 
binder it contains is thereby determined. 
Samples of the clay to be used are also 
tested so as to determine the amount 
of sand contained. It is then mixed in 
proportion so that the entire mix shall 
contain approximately 30 per cent clay. 
This type of surfacing has been found 
to stand up well under fairly heavy 
traffic for a season or two and still be 
in shape to hold gravel surfacing with- 
out any of the sand working up and 
mixing with the gravel material. 
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Maintenance of State Roads in Missouri 


Policies, Organization, Personnel, Equipment, Accounting and Work Accomplished Described in 
Biennial Report for Period Ending Dec. 1, 1926, of 


roads 
inaugurated in 1923, immediately fol- 
lowing the adoption in November, 1922, 
of the amendment to the state constitu- 
tion authorizing the use of a portion 
of the automobile fees for maintenance 
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of state highways. From a modest 
beginning, this work has expanded and 
grown by steady and logical steps un- 
til there is a well organized and trained 
force of nearly 900 men, fairly well 
equipped to render efficient service to 
the traveling public. 

The biennial period of 1925-1926 was 
begun with two years’ experience in the 
background and a limited amount of 
equipment on hand. The construction 
program had advanced to a point where 
the worst and more troublesome sec- 
tions were rapidly being eliminated. 
These facts, together with the addi- 
tional funds provided, enabling the 
department to make real progress in 
better serving the traveling public. 

Particular attention was given not 
only to keeping the constructed state 
and federal projects and the temporary 
roads in proper repair, but to their 
betterment where possible. To obtain 
this objective, special time was devoted 
to perfecting the organization, to im- 
proving the systems and plans of opera- 
tion, and to the securing of more 
economical and satisfactory equipment. 
A close study was made of the sys- 
tems, organizations, methods of opera- 
tion, control of expenditures, etc., in use 
in other states which had older and 
more advanced organizations. The 
more desirable, tried, and successful 
features as gleaned from the study of 
other states were gradually adopted and 
molded to our needs. 


As a result of systematic and careful 
study and work, satisfactory results 
have been accomplished during the past 
biennial period. During the previous 
period, complaints were numerous; 
whereas, during present period, com- 
plaints received from the traveling 
public have been but few, even during 
the very unfavorable wet seasons, as 
experienced in the fall and winter of 
1925 and the early fall of 1926. 


Maintenance is defined as being the 
immediate service rendered to the 
traveling public by the keeping up of 
Toad service, by providing conveniences 
and safety devices for traffic on both 
improved and unimproved state roads, 
and by affording protection for the 
investment made therein. Money 
Spent for maintenance gives quicker 
returns on the investment than any 
other expenditure made for highway 
work. Accordingly, money properly 
and economically spent for mainte- 
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nance meets with instant and popular 
approval from the traveling public. 


Policies.—The general policy govern- 
ing all maintenance work is to render 
the greatest possible service to the 
traveling public with the funds avail- 
able. This service consists of first 
remedying, at the earliest possible time, 
unusual situations which block or im- 
pede traffic; second, by providing for the 
repair and maintenance of sections 
built by state and federal aid; third, 
of directing efforts to the general im- 
provements and maintenance of all 
temporary and permanent state roads. 


Service to the traveling public re- 
quires that the motorist be directed on 
his way with the least inconvenience 
possible and also that his journeys be 
safeguarded. This requires all the 
highways to be carefully marked as to 
route, with sufficient warning signs at 
danger points, and information signs 
where needed. The policy of the de- 
partment has been to give this service 
to the fullest extent possible and to 
co-operate with the federal government 
on the marking of the U. S. highways 
through the state. 

As rapidly as construction work is 
completed on sections of the road, they 
are taken over by the maintenance 
bureau and kept in good condition. The 
unimproved portions between projects, 
also the detours around construction, 
are maintained in as serviceable a con- 
dition as the funds available will per- 
mit. Constant attention is given to the 
bad mud holes and they are eliminated 
as completely as possible. These 
obstacles are becoming fewer and fewer 
on our state roads. 

The worn-out and _ unserviceable 
sections of the constructed roadway are 
repaired and replaced as rapidly as they 
deteriorate under the action of traffic, 
every effort being made to prolong their 
life and serviceability. Maintenance, 
therefore, insures the state against the 
loss of money invested in road con- 
struction. 


Organization.—To perform success- 
fully the tasks set out in the policies 
of the highway commission, the giving 
of efficient service on the 7,640 miles of 
state highways, has required the em- 
ployment of a large force of men over 
the whole state. The engineer of main- 
tenance, working under the direction 
of the chief engineer, and in accord- 
ance with the policies of the state high- 
way commission, has active general 
supervision of all maintenance activities 
in the state. 

The state-wide maintenance organiza- 
tion was built up on business admin- 
istrative lines, using the established 


subdivisions of the department for 
delegating authority and fixing re- 
sponsibility. 

The state had already been divided 
into ten divisions with a division engi- 
neer in charge of each division to handle 
surveys, plans and construction activi- 
ties. For the sake of efficiency and 
co-ordination, the division engineer was 
made the directing head of the main- 
tenance work in his division, subject 
to instructions from the engineer of 
maintenance, working under the direc- 
tion of the chief engineer. 


The supervising maintenance engi- 
neers, assisting the division engineers 
in their tasks, are delegated with full 
powers necessary for efficient leader- 
ship, and they superintend all the actual 
maintenance activities in the field. 
They are assisted in their office work by 
a maintenance clerk and stenographer. 


The divisions are made up of ten or 
eleven counties, and each division con- 
tains from 600 to 800 miles of state 
highways. At the inception of the 
maintenance program, the county was 
recognized as the next subdivision, and 
a county superintendent was put in 
charge of each county. He was made 
responsible for the condition of all the 
roads, equipment, supplies and ma- 
terials within his county, and he super- 
intends the work of the patrolmen in 
the county. 

The mileage was divided into sections 
of varying lengths, depending on the 
topography of the country, character of 
the soil, type of surfacing, and class 
of machinery available. Patrolmen 
were appointed to maintain these sec- 
tions of the road. The necessary equip- 
ment to carry on the work was assigned 
to each as rapidly as it could be 
acquired and the patrolman was made 
responsible for its condition and proper 
use. ; 
The rapid progress of the surfacing 
program thereby constantly changing 
the type of road being maintained, has 
required a change in our organization. 
Gang patrols were assigned to long 
sections of pavement of the same class. 
This often threw a patrol in two coun- 
ties under two county superintendents. 
This was not a satisfactory arrange- 
ment; therefore, in many instances, it 
was necessary to abandon the county 
as a unit and lay out districts, com- 
posed of two or more counties or parts 
of counties, with a foreman in charge. 

This has proven a satisfactory and 
much cheaper form of organization. 
The district foreman who has generally 
been promoted from the ranks of 
the county superintendents, has been 
trained in the use of various classes 
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of equipment, and is familiar with two 
or more types of surfacing. This 
especially qualifies him to direct the 
patrolmen in their duties, to keep the 
maintenance machinery in his district 
in operation and to keep the roads 
better maintained at less expense. 

Funds.—Money spent for main- 
tenance gives quicker returns on the 
investment than any other expenditure 
for highway work. When the money 
is available, there apparently is no 
limit to the improvements that can be 
accomplished on a road through con- 
tinual proper maintenance. All high- 
way maintenance programs are limited 
by the amount of money available. 

The legislature of 1925 appropriated 
$4,150,000 for the biennial period of 
1925-1926 for maintenance purposes. 
This gave the department $2,000,000 a 
year to cover the expenses of main- 
tenance operations on the 7,640 miles 
of state highway, and provided $150,000 
for reconditioning equipment, supplies 
and tools which were rented or sold to 
contractors, counties and special road 
districts and used for road work. Such 
revenues as were derived from these 
sources were deposited with the state 
treasurer to the credit of the road fund. 

Insofar as it was practicable, the 
available funds were so apportioned to 
each county as to make the entire mile- 
age on all designated state roads not 
under active contract, most serviceable 
to all the communities served. 

Personnel.—The perfecting of the 
organization necessary to the successful 
execution of a maintenance program 
is a task requiring patient effort and 
persistent co-operation of all the em- 
ployees. Whatever success is attained 
is due to employing competent and re- 
liable men who will give efficient service 
in the performance of their duties. 

Considerable care has been used in 
choosing all maintenance employees, 
with an eye for efficient service. Spe- 
cial effort was used in selecting the 
supervising maintenance engineers. The 
majority of these men have been ap- 
pointed from within the department and 
were obtained from the the field and 
construction forces. Those men chosen 
from outside had all been engaged in 
highway work for a number of years, 
particularly as county highway engi- 
neers in this state. 

Each man in the subordinate posi- 
tions was chosen with the same care. 
The selection was made from his out- 
standing fitness for the position in 
question. An attempt was made to 
choose our men according to physical 
ability, character, alertness, judgment, 
and past record. Local men were used 
whenever possible. 

All county superintendents, district 
foremen and patrolmen are required to 
give a personal bond for $500, which 
insures the state against unreliable 
men. 

The employment of relatives of men 
already at work for the department has 
been avoided as much as _ possible. 
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Whenever vacancies occur in the or- 
ganization and it is possible to do so, 
these vacancies are filled by promo- 
tions of the men most fitted for the 
place. 

The following is a list of the em- 
ployees of the department, arranged 
by several groupings to show their dis- 
tribution and rates of pay of each class: 
Bureau of Maintenance—Number of Maintenance 

Employees, November, 1926 
Aver. Salary 
Under Each 
Total No. Classification 














Classification Per Month 
District foremen ...................... 28 $148 
County superintendents 133 
Assistant county supts........... 126 
4-horse-team patrol ................ 138 
3-horse-team patrol ........ tes. 121 
2-horse-team patrol ........ 112 
Tractor patrolmen .................. 126 90 
Truck patrolmen ................ 146 89 
ee a 95 
Patrol helpers ... 80 
Gang foremen 138 
Garage foremen ...... Se 159 
SIND: cccnisnsmncnpenentonm a 2 132 
Traveling mechanics .............- 6 134 
Mechanic helpers ........ tie. a lll 
Sign shop helpers ........ meee. a 100 
Markermen. ................ 10 92 
Tractor operators .......... a ae 120 
Grader operators . — 128 
POIITIIEIND  ccseccccesscccescessvsinassee 1 130 
OE en 1 105 
Marker foremen ..... 3 130 
OS eae 1 160 


Equipment.—The purchase of all new 
equipment used in the maintenance of 
the system is handled through the main 
office. 

When equipment was purchased in 
any quantities, simultaneous quota- 
tions were asked of those firms in- 
terested. The various concerns manu- 
facturing such equipment were re- 
quested to submit prices and discounts 
in writing, and selections were then 
made according to prices, together with 
type and character of equipment de- 
sired. All companies were further re- 
quired to file price lists of repair parts 
which were taken into consideration, 
together with above. Also, an effort 
was made to confine purchases to stand- 
ard equipment which had been on the 
market long enough to be thoroughly 
tested and which was manufactured by 
firms fully reliable and in position to 
give service on parts. 

In general the purchase of equip- 
ment has been confined to small 
amounts as the need for same de- 
veloped in the progress of completion 
of the system. Firms interested in 
furnishing equipment were required to 
file prices and discounts in writing, 
from which prices were compared and 
selections made according to type of 
equipment desired. The various types 
of road surfacing, soil conditions, 
volume of traffic and local conditions 
must be given consideration, along with 
the service to be obtained, when select- 
ing equipment. 

When materials and supplies, such 
as culvert pipe, grader blades, drag 
blades, marker, signs, lumber, and other 
material which could be clearly specified 
and defined were required, sealed bids 
or quotations were asked for and the 
order awarded to firms submitting low- 
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est bids. This policy has resulted in a 
vast saving to the department. 

The bureau is continuing to make use 
of the available war equipment, such 
as government trucks, tractors, eic. 
The use of certain government trucks 
for maintenance work, especially for 
tractive power, is not essentially eco- 
nomical; but must be practiced, pend- 
ing replacement, until the necessary 
funds become available to purchase 
more economical power. Wherever pos- 
sible, through accumulation of small 
surplus of funds, these war trucks are 
being replaced with more economical 
maintenance units. 

The following is a list of the equip- 
ment at present in use by the depart- 
ment: 


Graders and maintainers........................---...- ~. 635 



















Asphalt heaters ............. sanninieddaeenil 53 
Asphalt heater and distributov.... 1 
Lime mashers and center stripers. ll 
.. eer ssthasnaabeaaiesabebctiddidatatnianainn 2 
ees 2 
Rollers 5 
Air compressors 3 
Concrete breakers . 3 


Jack hammer ....... 1 
Gravel plants ... 
Gravel elevator sasishiebiaiaia 
ee 
Concrete mixers ...... sisiniiaciteaaiiast 
III - cpnitendsinscmintbintinces 
Seed drill . 
Harrow 
Mowers 
Snow plows 
Scrapers . 
Fresnos 
Plows ........ 
Loadometers 
rs, , 
| 
Automobiles 
Gas engine 





Maintenance Accounting.—To enable 
the main office to definitely control the 
expenditures and to keep in touch with 
field conditions at all times, the biennial 
period is divided into four allotment 
periods of six months each. 

Every six months the main office al- 
lots to each county a certain amount 
based on the mileage of state highways 
in the county, the type of roads, soil 
conditions, traffic, etc. 

Before any expenditure is made, each 
division office is required to submit to 
the main office an authority for ex- 
penditure, setting out in detail the 
amount contemplated to be used in the 
county for a six-month period. A cer- 
tain amount is reserved for the pur- 
chase of equipment, and for unforeseen 
conditions, such as floods, heavy snows, 
etc. When this authority for expendi- 
ture is received and approved in the 
main office, the division engineer is 
given notice to proceed under the con- 
ditions outlined in the authority for ex- 
penditure. 

When the purchase of supplies, labor, 
etc., in small quantities is contemplated 
by the county superintendents or patrol- 
men, they are required to submit to the 
division engineer requisition for their 
purchase, and this requisition is ap- 
proved by the division engineer before 
purchase is made. 

County superintendents and patrol- 
men are required to submit weekly re- 
ports to the division office showing by 
days the nature of work done, location, 
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equipment and tools used, miles oper- 
ated, detailed motor reports, material 
and supplies used, ete. 

These reports are distributed upon 
special forms in the division office and 
are used as a basis to check invoices 
and labor for payment. 

Monthly material and labor pay rolls 
are made up in the division office and 
submitted to the main office where they 
are thoroughly checked against the au- 
thority for expenditure before forward- 
ing for payment. 

All purchases for equipment are made 
through the main office on purchase 
orders approved by the chief engineer. 

Insofar as possible, all expenditures 
are charged to a section of road. Ex- 
penditures not chargeable to a section 
of road are charged to a county for 
later prorating. This system enables 
us to obtain detailed cost data on main- 
tenance of various types of roads. 


Miles of Various Types Maintained 
1 


925 1926 

ie te CU a ccecccscstncintcacnenninns 540 1,108 
Bit. and penetration macadam........ 337 569 
OE Te 1,676 
Graded earth ................ 1,073 
Unimproved earth ... 2 519 
a 725 
ED cicsehcaissiesiinisilinhaiintied 7,672 





Statements are made weekly of all 
orders for equipment or materials and 
requests for authority for expenditures. 
Detailed statements of expenditures are 
compiled monthly. 

Actual field inventory of small tools 
and equipment is made annually by in- 
ventory clerk from the main office and 
each county superintendent or patrol- 
man is held accountable for all tools 
or equipment assigned them, under the 
conditions set forth in their bonds. Each 
and every maintenance employee is un- 
der a $500 bond to guarantee a strict 
performance of his duties and for the 
proper care of his equipment. 

General Work Accomplished in Bien- 
nial Period.—During the biennial period 
the maintenance forces have dragged 
and kept in as good repair as possible 
with the funds available, a total of 
7,671 miles of roadway, including de- 
tours around construction. One of the 
accompanying tables shows the num- 
ber of miles of various types of roads 
maintained in 1925 and 1926. 

Weather conditions have not been 
ideal for road work during past two 
years. The fall and winter of 1925- 
1926 were extremely wet. A heavy 
snowfall was witnessed late in March, 
1926. As a result of this the spring 
of 1926 found roads in a deplorable 
condition. This was true especially of 
dirt roads, but other roads failed to 
escape entirely. Over north central and 
west central portions of the state, tor- 
rential rains began early in September, 
1926, and did not cease until the sea- 
sons’ work by maintenance forces was 
Practically eliminated. 

As soon-as weather conditions per- 
mitted, every effort was directed to re- 
pairing the damage done, and at least 
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making roads reasonably passable for 
the winter. 

Considerable work of additions and 
betterments to the roads of the system 
has been accomplished by the mainte- 
nance forces during the biennial period. 
This work was performed conjointly 
with that of routine maintenance and 
under the direction of the full time 
employees. Extra laborers, teams and 
equipment were used to assist in this 
work. 

Following is a summary of the addi- 
tion and betterment work accomplished: 


Heavy grading on temporary 





routes, including widening and 

other semi-permanent work.......... 1,462 miles 
Light «rading on state projects 

and improved temporary routes, 

including reshaping roadway, 

cleaning ditches, etc..................--... 3,184 miles 
Earth rvads gravel surfaced............ 288 miles 
Gravel used on above..............-.---.. 93,670 cu. yd. 
Gravel roads resurfaced.................... 305 miles 
Gravel used for resurfacing............ 57,065 cu. yd. 
Roads, surface-treated with bitu- 

ee 60 miles 
Bridges cleaned and painted............ 43 miles 
Bridges refloored .................-..- .-«-.. 14,504 lin. ft. 
Bridges built or replaced 

ND. cchcsniinintinnaninningeiiinminneniens, 79 
Small culverts built or replaced.... 632 
Large culverts built or replaced... 103 
Temporary guard fence built......... 12,615 lin. ft. 
Guard fence repainted....................... 255,531 lin, ft. 


Certain sections of the system which 
had been forming obstacles to the pas- 
sage of traffic in counties where the 
construction fund allotment was insuffi- 
cient for permament improvement, have 
been improved by the maintenance 
forces and paid for out of construction 
funds. In a few cases the improvement 
consisting of clearing and grubbing of 
the right-of-way, constructing semi-per- 
manent and permanent drainage struc- 
tures and the grading of the roadway 
with heavy gang maintenance outfits. 
In other cases the roadway was grav- 
eled by the maintenance forces. 





Jay Walking Retards Traffic 


Jay walking as a pedestrian pastime 
is a losing game, according to scien- 
tific traffic studies made by the Albert 
Russel Erskine Bureau of Street Traf- 
fic Research, which has found that the 
pedestrian who ignores traffic signals 
and rushes across street intersections 
without their protection has less than 
one chance in three of reaching the 
other curb without wasting more time 
than he saves. 

A study of the walking habits of 
more than a million and a half people, 
which forms part of the report of the 
Chicago Street Traffic Survey made by 
Miller McClintock, director of the 
Erskine Bureau, confirms the warnings 
of safety experts that the jay walker 
seldom saves time by his infraction of 
traffic rules. Results of various checks 
made at typical street intersections 
showed that more than half of the 
pedestrians held up by movement of 
cross traffic attempt to break through 
the traffic stream against the signal 
lights, but that only approximately one- 
third of those who make the attempt 
are successful in reaching the opposite 
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curb. The rest are caught between 
moving lines of traffic in the center 
of the roadway, endangering themselves 
and materially reducing the speed and 
volume of traffic flowing through the 
intersection. 

Other studies made in Chicago’s 
“loop” business district developed that 
the pedestrian tendency to jay walk 
results in a serious retardation of the 
speed and volume of traffic movement. 
Intersections capable of carrying two 
lines of traffic safely at a speed of fif- 
teen miles per hour are often reduced 
to one lane moving at a speed of ten 
miles an hour. 


The importance of the street inter- 
section is obvious when it is realized 
that the intersection is the key to the 
problem of traffic congestion on any 
busy street. “The streets can carry no 
more traffic than can be passed by the 
intersections,” says the survey’s report. 
“Thus if the capacity of the intersec- 
tions is reduced fifty per cent by pedes- 
trian interference, the streets can carry 
no more than half their full capacity.” 


“Reduction of traffic capacity is not 
to be found only at the intersections, 
where conflicts exist between pedestri- 
ans, but in mid-block as well,” the re- 
port continues. “Motor vehicles cannot 
move safely when at any moment pedes- 
trians are likely to appear in their path. 


“The amount of this type of mid- 
block interference is not generally real- 
ized. Counts at a number of locations 
in the central “loop” district showed 
that during the noon hour, 12 to 1 P. M., 
the number of pedestrians crossing at 
places other than at the intersections 
numbered more than 1,000 per block.” 
Near State and Madison Sts., whose in- 
tersection makes the world’s busiest 
corner, nearly double this number left 
the sidewalks to mix with and delay 
motor traffic in the middle of the block. 


To reduce the congestion and waste 
of time occasioned by this one phase 
of the traffic problem the report of 
the survey recommended that jay walk- 
ing be prohibited, with suitable penal- 
ties for violation—jay walking being 
defined as the practice of pedestrians 
crossing other than at street intersec- 
tions. 


In order to reduce the inconvenience 
of pedestrians to a minimum and to in- 
troduce a degree of flexibility into the 
rule, the report also proposed that 
crossings be placed near the middle of 
blocks in districts where the distance 
between intersections exceeds 400 ft., 
and that in such cross walks pedestri- 
ans be permitted to cross with a right 
of way over vehicular traffic. 





Cost of Collecting Gasoline Tax.— 
Figures compiled by the Vermont State 
Chamber of Commerce show that in 
1925 the average cost for collecting the 
gasoline tax was $2.64 per $1,000 col- 
lected, or $65 per 1,000,000 gal. taxed. 
These figures are the average for 21 
states. 
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Inspection of Con- 
crete Structures 


Suggestion for Bridges and Culverts 
Given in Paper Presented at An- 
nual Conference of Ontario 
County Road Superintendents 


. 


By JOHN EMPEY 


District County Road Engineer, Department of 
Public Highways, Ontario 


In the construction and inspection of 
concrete bridges and culverts, the fol- 
lowing precautions should be taken in 
the preliminary work where plans are 
necessary: 

See that new culvert or bridge is lo- 
cated in proper place. The best location 
is the one that gives the best and most 
direct access to it and allows the quick- 
est flow away from it again. 

Make sure of ample size. 

Make sure that culvert is low enough. 

See that footings are fully excavated. 
as to proper depth and full width with 
no corners or angles overlooked and 
left in. 

See that footings are put down to 
good foundation. 

Culvert and bridges, where possible, 
should be located at right angles to di- 
rection of the road and center of cul- 
vert should be in center of right-of- 
way. 

Culverts, where possible, should be 
sunk low enough so that there is at 
least a foot of earth over the slab. 

All water should be removed from 
trench before concrete is placed into it, 
and concrete should never be shovelled 
or poured into water. 

Concrete Materials—Where gravel is 
used care must be taken that it is free 
from loam and vegetable matter. No 
top soil or other foreign matter should 
be allowed to mix with it. 

Materials should be of proper com- 
bination of sand and stone. Always 
avoid an excess of sand and there 
should be plenty of stone aggregate up 
to 2% and 8 in. in diameter if we are 
to obtain good strong concrete. 

Where gravel contains excess of sand 
either mix with crushed stone or screen 
out excess sand. 

Water used to mix concrete should be 
clean and pure, free from mud, silt or 
alkali. 

Cement should be matured but not 
caked or exposed to moisture so as to 
become hard. 

Sand should be sharp and coarse and 
free from silts, etc., and gravel should 
be free of slate and soft stone. 


Preparation for Placing Concrete.— 
See that ingredients are mixed in 
proper proportions. This also refers to 
proper amount of water used in mak- 
ing concrete. If concrete is made too 
wet we do not get as strong a con- 
crete. A rough test is when you can 
squeeze a handful into a rough ball. 

See that forms are set up in accord- 
ance with plans having proper distance 
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between two sides to give required 
thickness of walls, slab or copings at 
different points, and walls plumb. 

See that forms are well braced and 
tied together so that they remain rigid 
and do not slip or move else concrete 
will not be of uniform thickness and 
the surface will not be smooth and 
straight. 

See that surface of lumber is smooth, 
free from dirt or coatings of old con- 
crete. 

Surface of forms, against which new 
concrete is coming, should be oiled with 
cheap oil to prevent undue absorption 
of water from green concrete, other- 
wise water will be absorbed before con- 
crete sets and surface will be rough 
and powdery. 

Placing Concrete.—In pouring con- 
crete into forms, care should be taken 
that clay or other materials are not 
dropped into the trench or knocked off 
the bank into the concrete, because 
these lumps of clay are not only weak 
spots in the concrete, but will absorb 
moisture, swell and cause holes to 
break the surface. Care should also be 
taken that workmen in picking up the 
gravel to put into the mixer do not 
shovel up particles of clay or soil from 
the ground where gravel is piled. 

Concrete should be well spaded into 
space in forms, care being taken that it 
is puddled well against the forms at all 
points. This latter action prevents 
pockets of water forming in green con- 
crete which become holes and openings 
into the concrete when it sets and dries. 

Where it is not possible to complete 
the mixing and pouring for the whole 
structure at same time or in same day, 
the surface of the concrete, previously 
poured and to which a bond is desired, 
should, when operation is started the 
next day, be treated with a wash of one 
of cement and two of sand. Also at the 
end of the day’s work if on walls, plums 
of clean stone of such size as wells will 
permit, should be partly submerged into 
concrete so as to give bond to subse- 
quently poured concrete. If stone is not 
available, bond may be obtained by 
sticking short lengths of 2 by 4 or 2 by 
6 edgewise into concrete and removing 
before concrete is fully set. 

Slabs of culverts or floors of bridges 
should be completed at one pouring if 
at all possible. 

Bridge Floors.—Care should be taken 
in constructing concrete floors on 
bridges that there is a slight crown in 
roadway and vents at side should be 
made in concrete to allow surface water, 
after rain or thaw of snow, to drop 
through to the stream and not have 
pools of water lying upon the bridge 
floor. 

In laying floors on bridges great care 
should be taken, at one end at least, 
that there is no bond between floor and 
abutment, that floor has plenty of op- 
portunity to move, due to expansion 
and contraction from change in tem- 
perature, without pressing against any 


August 


part of the abutment to injure it or to 
move it out of alignment. 

Where there are any concrete beams 
or steel work used in culverts care 
should be taken to prevent concrete 
from being daubed over the surface of 
these, and if this occurs, concrete 
should be removed after construction 
work is completed and steel repainted, 

Where earth is removed to put down 
footings, care should be taken that all 
surplus materials are removed from bed 
and banks of stream. This materia! can 
be used to backfill, if of good material, 
or can be used to widen grade of road 
in approach to bridge. 

Care should be taken that backfilling 
is properly done, that all pockets and 
spaces are rammed full of good ma- 
terials. Sometimes it is good practice 
to sprinkle the earth as it goes into the 
fill. 

Mistakes to Avoid.—It is my firm be- 
lief that one of the greatest mistakes in 
making concrete structures and pave- 
ments is in that materials are not prop- 
erly mixed, by that I mean, that they 
are not stirred and mixed one with the 
other sufficiently before they are placed 
in the structure. The cement is the 
binder in the concrete. It acts like the 
glue holding two pieces of wood to- 
gether and if all the particles of sand 
and stone are not thoroughly coated 
with cement we cannot hope to have 
proper adhesion of particles and the re- 
sult is poor concrete, easily broken or 
worn away. Be sure that materials are 
mixed properly. In a mechanical mixer 
each batch should be mixed at least 
from 80 to 90 seconds. 


Where it is necessary to get plans 
from an engineer, the engineer should 
go upon the ground and secure his own 
information and data to prepare the 
plans. The superintendent should be on 
the ground all the time while work is 
going on and see that foregoing details 
are carried out, or have some one he 
can fully depend upon there as his rep- 
representative, and in case of contract, 
the superintendent and the engineer 
who prepared the plans should together 
make final inspection of the work be- 
fore the final payment is made. 

All concrete work culverts should be 
properly reinforced with steel rods or 
square iron bars. These should be clean 
on surface, cut to proper lengths, bent 
to proper shapes and not allowed to 
project to edge of concrete to become 
corroded or rusted from weather. 

In foundations and footings one man 
stones may be used as plumbs and fill- 
ers, but none of these should be allowed 
to come nearer to each other or surface 
of walls than 3 to 6 in. and the surface 
of them should be thoroughly cleaned 
before placing in concrete. 





Director-Manager Government for 
Utah.—A bill is now before the Utah 
legislature providing optional director- 
manager government for cities of the 
first class and for cities of the second 
class of 30,000 population and over. 
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A Diversity of Paving Around Chicago 


Short Survey of Work Shows Various Methods in Use on Street Paving Work in Cook County, IIl., 
and the Use of Granite Block, Asphalt, and Two Types of Concrete as the Kinds of 
Pavement Suited to Modern Traffic Conditions 





The great modern metropolitan 
areas such as those including and 
surrounding Chicago and New 
York are, and should be, fitting 
laboratories for the development 
of municipal paving methods to 
meet the requirements of chang- 
ing municipal traffic conditions. 
What kind of paving work is now 
being done in the Chicago dis- 
trict? How is it being done? 
Those are questions that are fre- 
quently asked by the highway 
engineer and contractor from 
other parts of the country. To 
obtain the answer, a survey has 
just been made by ROADS & 
STREETS which has revealed the 
following interesting facts. No 
attempt was made to determine 
the total mileage of the various 
types of work on the 1927 pro- 
gram, but representative jobs 
were visited, all under way at the 
same time, and the situation at 
each job observed with care. Of 
particular interest is the fact that 
the City of Chicago, in paving 
streets under the direction of its 
Board of Local Improvements, is 
using an unreinforced eight inch 
or ten inch concrete slab laid in 
two courses, while an outlying 
community, in work designed and 
supervised by a prominent engi- 
neering firm, is planning to carry 
similar traffic on a slab that is a 
new modification of the Bates sec- 
tion, heavily reinforced, and laid 
with concrete that is mixed in ac- 
cordance with the most modern 
ideas.—The Editor. 











While Chicago has, from time to time, 
used many kinds of paving and her 
streets display examples of about every 
paving “period” that the middle west 
has ever experienced, at present the 
selection seems to have narrowed down 
to about three types of work for the 
majority of the contracts that are now 
being let. Certain heavy traffic streets, 
where dray traffic predominates, are 
paved with granite block on a concrete 
base. Certain boulevards are being 
paved with asphalt on a concrete base. 
Residential and business streets in out- 
lying districts are being paved with 
two-course concrete. Out in the suburbs, 
both asphalt and concrete are used, 
with a predominance of the latter type. 
Here the concrete is mostly of the more 
modern one-course type, and in many 
towns conforms more nearly to state 


specifications, due to the growing prac- 
tice in such communities of an engi- 
neering firm a member of which was 
head of the engineering staff of the IIli- 
nois State Highway Commission, and 
who has established himself as a lead- 
ing authority on highway design and 
construction. Another factor effecting 
this choice is the fact that a number of 
such streets are along state and county 
roads, and that financial aid from state 
and county is contingent upon the street 
being paved so as to meet state or 
county requirements. One such exam- 
ple is included in this article. 


Halsted Street.—Halsted Street is a 
north-south street a short distance west 
of the Chicago River and the Loop, and 
on the west side bisects the Ghetto; 
scene of the famed and noisome Max- 
well Street market. This street carries 
two tracks of the Chicago Surface Lines, 
and besides a heavy traffic from this 
source, must provide for a motor and 
horse drawn traffic representing about 
the most severe industrial loading. 
Steel-tired wheels of the heaviest of 
horse-drawn drays and the solid rubber 
tires of the heaviest of trucks provide 
most of the punishment that the street 
must bear, since pleasure vehicles ac- 
count for but a small part of the traffic. 

This street is just now being repaved, 
under the supervision of the Board of 
Local Improvements, for the City of 
Chicago, by the contracting firm of 
John A. McGarry & Co. When the job 
was visited, the 8 in. base of 1:3:5 con- 
crete was being laid, but according to 
Henry Fowler, a member of the con- 
tracting firm who was found on the job, 
the street will be further paved with 
5 in. granite block with mastic filler. 


LL. 
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In laying the base, 4-bag dry batches 
are delivered from the yards of the 
Chicago Union Lime Works, located at 
19th and Lincoln Streets, in two-batch 
O’Connell “Super” trucks. Twelve of 
these trucks were devoted to the job, 
although 14 would have been used if 
available. A man was stationed at this 
material yard to supervise the propor- 
tioning of the batches and their dis- 
patch to the job, about a mile or so 
away. Concrete was mixed in Koehring 
27-E steam paver, and deposited on the 
subgrade in the usual manner. A 16- 
man crew took care of this part of the 
work, including the operation of the 
mixer and the shoveling and brooming 
of the slab. The concrete was mixed 
at a consistency that required about 24 
gal. of water to the batch, or about 6 
gal to the sack of cement. This organ- 
ization averaged about 1,400 cu. yd. of 
concrete a day on this job. When 
farther from a material yard, accord- 
ing to Mr. Fowler, they would have 
their own stock piles, batcher plants, 
and batch trucks. On this job, the haul 
from the yard that was prepared to 
furnish dry prepared batches was so 
short, he said, that it proved economical 
to obtain materials in this way, espe- 
cially since the congested district made 
stock piling a problem. 


The handling of the batch trucks at 
the mixer was done in an interesting 
way. The street was being paved in 
three strips, with two strips always 
open to traffic, and with the street-car 
tracks being paved last of all. In de- 
livering the batches, the loaded trucks 
were backed onto the subgrade and up 
to the mixer. After the load was 
dumped, the driver simply changed over 













Fig. 1.—Laying the Concrete Base on the Halsted St. Job 
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to the opposite driving seat of the truck, 
drove up onto the car tracks, and away 
to the yard, while the next truck, with 
the driver in the backing seat, backed 
up to the mixer with the next batch. 
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The contractor was further represented 
on this job by C. E. Bradley, Superin- 
tendent. 

Laramie Avenue.—Far out on the 
northwest side, Laramie Avenue was 



































Fig. 4.—The Paving Gang at Work on the Laramie Slab 
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being paved with two-course concrete. 
This work, too, was being done for the 
Board of Local Improvements, this time 
by the contracting firm of the Hedges 
Construction Company. This firm was 
represented on the job by J. (“Jim”) 
Slattery, foreman, while the City was 
represented by Ed. J. D. Ryan, engineer 
in charge. The work under way rep- 
resented original paving on an old dirt 
street, and extended from Roscoe Street 
to Fullerton Avenue, a distance of a 
little more than a mile, and requiring 
about 28,000 cu. yd. of concrete. This 
propect called for an 8 in. two-course 
concrete slab with expansion joints at 
30 ft. intervals, except for a different 
spacing at alleys and street intersec- 
tions, together with combined curb and 
gutter. 

The grading on this work, done but 
a short distance ahead of the mixer, 
was taken care of by a %-yard heavy 
duty Osgood steam shovel, loading di- 
rect into heavy trucks for transporting 
the spoil to the dumps. Directly be- 
hind, a Huber 9-ton roller and a Kelly- 
Springfield (Buffalo-Springfield) 11-ton 
steam roller prepared the clay subgrade 
for the slab. Curbs had been set before 
grading, and the spoil from the curb 
trenches was thrown onto the ungraded 
subgrade to be removed by the shovel. 

For the paving work, aggregates 
were delivered by truck to a paved side 
street near the mixer and dumped onto 
stock piles. Cement was delivered from 
the Universal mill at Buffington, Ind., 
on large trailers. These trailers were al- 
lowed to remain on the job until un- 
loaded, serving as loading platforms. 
Three Barber-Greenes, one for the tor- 
pedo sand, one for the No. 9 gravel, and 
one for the No. 4 granite screenings 
for the top course, loaded these aggre- 
gates into Hug 32% cu. ft. capacity 
dump trucks, the cement was then 
dropped on the load, and the batches 
then delivered to the paver, running 
around the block. 

A Ransome 27-E paver was used on 
this job. The mix was a nominal 
1:2:3%, mixed in 5-bag batches with 
about 22 gal. of water to the batch. A 
6-in. limestone concrete base was first 
laid, and this followed by a 2-in. granite 
topping. Finishing was secured first 
with a perforated roller, then by long 
handled floats, and then came a belting. 
The surface was then checked by a 
wheeled bridge template, and wet bur- 
lap then laid. This burlap was allowed 
to remain in place for 24 hours, then 
calcium chloride was applied at the rate 
of 2 lb. per square yard. If rain oc- 
curred within three hours after applica- 
tion, more calcium chloride had to be 
applied. With this treatment the street 
could be opened within two weeks dur- 
ing the summer, and within three weeks 
for work laid after September 1. 

The organization required on this job 
included: 


4 graders, pit men 

2 roller men 

1 shovel operator 

1 mixer operator and helper 








fe- 








_ 
it—] 
| a) 


cement hands 

loader operators 

trucks and drivers 
center strip men 
expansion joint men 
cement finishers 
laborers on concrete 
laborers ahead of mixer 
mechanic 

supply truck and driver 
receiving clerks 
foreman 

inspectors 


Progress was made on this work at 
the rate of 900 to 1,300 yards a day. 
The grading, on which the shovel was 
served by 4 Macks, meant the removal 
of about 630 cu. yd. of dirt each day, 
making an average cut of about 3 ft. 

Diversey Boulevard.—This street was 
being extended westward, and paved 
with concrete. Since it will later carry 
a double track line of the Chicago Sur- 
face Lines, some provision had to be 
made to provide for that work. Here 
the solution was to pave the street in 
three strips, so that the sreet-car com- 
pany could later remove the center 
strip, lay their tracks, and repave at 
their own expense. Since this street 
would be expected to carry rather heavy 
traffic it was designed for a 10 in. two- 
course pavement, with a 7 in. base and 
a 3in. topping. The width was to be 
42 ft., and separation was made by 
means of separation plates and by 
means of Blaw-Knox road forms. The 
methods were much the same as on the 
Laramie Ave. job, except here the 
grading was finished by means of an 
Austin blade grader pulled by a 
Holt 5-ton Caterpillar tractor, and 
rolled by a 10-ton Buffalo steam roller. 
A Koehring 27-E paver was used, while 
dry batches were hauled to the job from 
a material yard about two miles dis- 
tant in 2-batch dump trucks. The sub- 
grade was sprinkled just ahead of the 
concrete to minimize drying out of the 
slab, tar paper was used to afford sep- 
aration from the curb and gutter, and a 
solid roller was used instead of a per- 
forated roller. 

This work was being done for the 
Board of Local Improvements by the 
Central Paving Company, represented 
by Al. Peterson, general foreman. The 
Board was represented by P. J. O’Con- 
ner, inspector. 

Oak Park Avenue.—The final job of 
the series being done for the City of 
Chicago by the Board of Local Improve- 
ments, observed that day, was the pav- 
ing of Oak Park Avenue north of North 
Avenue. This was an asphalt job, on 
a concrete base, and binder was being 
laid when the job was visited. This 
work, being done by the Contracting 
& Material Co., represented by Antone 
Mercurio, superintendent, proved of in- 
terest. Here the 2-in. of binder was 
to be followed by a 1% in. sheet asphalt 
top. The binder was delivered to the 
street in 12 Garford trucks and 1 Sterl- 
ing, the loads averaging 14,400 lb. A 
gang of 25 men spread the material, 
and after it had been in place for a 
short time it was rolled by two 10-ton 
Erie and 1 10-ton Chicago rollers. Top- 
ping was applied the following day in 
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order to insure better work and a better 
bond. When paving this 28 ft. road- 
way, this organization found that it 
coul lay at least 1,500 lin. ft. per nine 
hour day, or about 80 loads of top and 
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binder. Mr. Mercurio stated that his 
company now operates a 600 ton plant, 
and has no trouble handling a good 
volume of work. He said that the as- 
phalt used on this job provided for a 






































Fig. 6.—Mixing and Placing Concrete on Diversey. 


Note Strips Separated by Forms, Mixer in 


Center Strip Paving Right Side 











Fig. 7.—The Finishing Operations on 





the Diversey Job 
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heavy traffic. He is a firm believer in 


not rolling too close to the spreading 
operation, and insists on not putting a 
topping on a binder that is still hot. 


ROADS AND STREETS 





On base work, his method is to keep 
the tampers and broom men well back 
from the boom of the paver, and to 
then rebroom the surface so as to give 
































Fig. 10.—Batch Going Inte the Mixer on Oak Park Village Job While Another Is Being Spread 





August 


a rougher surface for the binder to 
key to. 

An Oak Park Job.—The Village of 
Oak Park is a prominent suburb just 
west of Chicago, and its paving methods 
are somewhat the same. Here a street 
just off of North Avenue was seen, 
where concrete was being laid for 
an asphalt pavement. This was one of 
a group of streets being paved in a new 
subdivision bounded by Ridgland, Oak 
Park, Euclid, and Edmer Aves., and all 
concrete was being laid before starting 
on the asphalt work. Here the work 
was being done by the contracting firm 
of W. A. Black & Co., represented by 
J. J. Martin, superintendent. The vil- 
lage was represented by Martin Thomp- 
son, inspector. 

This eight inch 1:3:5 concrete base 
was being laid by a Koehring 27-E 
paver, with the batches coming dry in 
a fleet of 18 two-batch trucks of vari- 
ous makes from a material yard 3 miles 
distant, owned by the Central Lime & 
Cement Co. The gang included 4 shovel 
men, 2 broom men, 5 laborers ahead 
of the paver, and the mixer operator. 
A wet mix was used. In paving this 
28 ft. street, a progress of 1,600 to 
1,700 yd. a day was made. 

The grading work on this subdivision 
job was done with two 1-yard Koehring 
gas shovels and a % yard General 
shovel, followed by a ten-ton roller and 
an Austin Pup. The asphalt work was 
done later under separate contract. 


An Interesting Job—A number of 
interesting new features were found 
on the paving of that portion of the 
River Road that runs through the Vil- 
lage of Maywood, a growing suburb 
west of the Des Plaines River, and some 
miles west of Oak Park. This portion 
of this road, which is both a state and 
county highway, is known as Fifth Ave., 
and is the original and main business 
street of the community. On it runs a 
single track line of the Chicago and 
West Towns Railways, operators of the 
suburban street car system. The road, 
as well as itself being a main north 
and south highway, acts as a connecting 
link with several of the main high- 
ways leading from the city, and must 
therefore carry a considerable through 
traffic as well as a local traffic of some 
magnitude. 

Originally of brick on a topsoil sub- 
grade, and flanked with stone slab 
curbs, this street is now being paved 
with reinforced concrete to a greater 
width than originally provided, all un- 
derground work had to be torn up and 
relaid according to modern require- 
ments, the street lighting system had to 
be moved back to the new line and 
replaced, and the old worn out tracks 
had to be replaced with a new heavy 
rail section designed for use with the 
modern pavement. The new track work 
is designed with the new rail sections 
placed on wood ties, and resting on 
crushed limestone ballast. Rails are 
electrically welded. ; 

Design.—This street is being paved in 
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accordance with a new design perfected 
by the engineering firm serving the vil- 
lage. A modification of the Bates Sec- 
tion, this pavement is 9 in. thick except 
at the shoulders and over the tracks. 
At the shoulders the thickness is 12 in., 
tapering to 9 in. at a distance of 3 ft. 
The slab butts up to the outer side of 
the nearest rail and is as thick as the 
height of the rail to the ends of the 
ties, where the slab is 12 in. thick for 
a width of 1 ft. The slab then thins 
out to 9 in. in a distance of 3 ft., with 
a thickness of 9 in. between this point 
and the point where the slab begins to 
thicken to 12 in. 3 ft. from the curb. 
Between the tracks, which are on the 
centerline, the thickness is the thick- 
ness of the rails. (See Fig. 16). 

The main reinforcing is a spot-welded 
mesh of bars spaced 6 in. on centers, 
weighing 91.2 lb. per 100 sq. ft. A % 
in. shear bar is placed along the edge, 
while the slab is dowelled to the com- 
bined curb and gutter with % in. de- 
formed bars spaced 24 in. on centers. 
At expansion joints, which are filled 
with Carey Elastite, % in. slip dowels 
with tin slip caps on the ends, and oiled, 
provide continuity of the slabs without 
interfering with expansion. The design 
calls for the mesh being carried up to 
within 2 in. of the rails on each side. 
Shear bars provide reinforcement be- 
tween the rails. The tin caps on the 
slip dowels are made just enough larger 
than the bars so as to provide an easy 


sliding fit, and have a lug punched in- 
ward at about the mid point to provide 
for proper placing on the bar during 
construction. After the pavement is 
laid and the dowels begin to function, 
the first expansion shears this lug and 
the dowels are free to move at will. 


While some might suppose that car- 
rying the concrete up to and against 
the rail might make track maintenance 
difficult, the engineers are of the opin- 
ion that the concrete will prove no more 
expensive to break out than would well 
grouted granite block. 

Grading.—After removal of old serv- 
ice lines by the corporations and village 
departments, grading was done with the 
aid of an Erie % yd. steam shovel, 
loading into Mack trucks. The old 
brick were hauled to the village yards 
but a few blocks away and are to be 
re-used elsewhere, while other material 
of no value was taken to the village 
dumps. This organization could move 
200 to 300 yd. of material a day when 
working with brick, and about 500 yd. a 
day on dirt. The low performance was 
mostly due to the fact that the great 
mass of underground work and exist- 
ing structures interfered with the grad- 
ing operation to a great extent. 

The Paver.—Dry batches, six bad 
batches, were delivered in a fleet of 17 
two-batch trucks from a material yard 
in the next suburban town to the west, 
some 20 blocks away, and dumped into 
the charging skip of the mixer. The 
paver used was a Koehring 27-E paver. 

e batehes were proportioned 1:2:3%, 
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Fig. 13.—General View of 





the Finishing Operations on the Same Work 
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using crushed limestone from a nearby 
quarry, and mixed as dry as possible, 
using an average water-cement ratio 
of 5% gal. of water to the sack of 
This gave a mix that showed 
no slump as it came from 
shovel men had 


cement, 
practically 
the bucket, and the 


to use the utmost care to properly em- 
procedure 


bed the steel. The was to 
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first place enough concrete on the sub- 
grade to bring the mesh to the proper 
elevation, covering an area sufficient to 
take one sheet of the mesh, and then to 
lay the mesh on this surface, and then 
place the rest of the concrete to bring 
the slab to the desired rough thickness. 

Finishing.—A perforated roller was 
first drawn over the concrete until the 








Fig 14.—The Spreading Operation, with the Roller, and the Transverse Float That Are Used 

















Fig. 





15.—The Longitudinal Float and Its Working Frame That Keeps the Men off the Slab 
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16.—Cross Section of Half of the Street Showing Design of Slab in Connection with Car 
A Modification of This Design, Perfected by Mr. Older, Was Used on Another Street 
Carrying a Double Track Line 


surface was properly worked, the slab 
properly densified, and excess water 
drawn from the material. Next came 
a careful floating with a transverse 
float, then further floating with a longi- 
tudinal float, and then after two courses 
of belting the slab was adjudged fin- 
ished. The longitudinal float, worked 
from a square wheeled frame, was used 
for the purpose of removing waves that 
would ordinarily make the street bumpy 
to ride on and lead to impact loads that 
would impose severe stresses on the 
slab. Two men on the mixer, 5 shovel 
men, and 6 finishers, together with the 
necessary laborers to dress up the sub- 
grade, handle steel, and place the ex- 
pansion joints, took care of this part 
of the work. 

Checking the Finish.—An unusual lit- 
tle machine was used on this job to 
check up on the finished slab for bumps 
and depressions; used after the slab 
had secured a good set. This device, 
invented by District Engineer Lamb of 
the Illinois State Highway Commission, 
consists of a main frame with a swivel 
wheel at each end, plow handles at one 
end for pushing, and a third vertically 
moving wheel at the center connecting 
with a make and break device that 
shunts an electric current to one of two 
small bells located on the plow handles. 
Two 1% volt dry cells furnish the nec- 
essary current, and are mounted on the 
main frame. When using this device, 
it is pushed along and across the slab 
by the inspector. When a depression 
is encountered, the center wheel lowers 
into the low spot and makes contact 
with the lower of the two circuits, 
ringing one bell. When a bump is 
found, the wheel raises and closes the 
other circuit, ringing the other bell. 
Bells of different tuning make it easy 
to tell whether it is a bump or depres- 
sion that has been found. With this 
device, the inspector can determine the 
nature of the work much more accu- 
rately and with greater speed than with 
the ordinary straight edge, since the 
device may be set to register only those 
departures from the specified limits, 
and ignore the irregularities that are 
within the allowed limits. The device 
is of such a nature that it may be read- 
ily improvised on the job. 

Other Operations.—For a part of the 
distance covered by this mile long job 
the street contains no car tracks. Here 
the slab was 9 in. thick except for the 
edges thickened, as already described; 
12 in. at the gutter and tapering to 9 
in. in 3 ft. Two railroad crossings, one 
a steam line and one a third-rail elec- 
tric line, were paved with a hot-mix 
bituminous macadam. 

Those Responsible.—The street was 
with the cooperation of the Village of 
Maywood, the State Highway Depart- 
ment, and the County Highway Depart- 
ment, with the state and county paying 
for 20 ft. and the village paying the 
remainder by special assessment. The 
surface lines were not required to do 
more than lay their own track in @ 
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manner satisfactory to the engineers. 
The work of grading was done by the 
Murphy Bros. Teaming Co. of Oak 
Park, while the paving was done under 
contract by Jaickes Bros., who were 
represented on the job by A. F. Klinge- 
biel, foreman. A. V. Baber, acting for 
the engineering firm of Consoer, Older 
& Quinlan, was engineer in charge. C. 
A. Case, who gave this information, is 
construction engineer for this firm. His 
firm has been retained as village engi- 
neers. J. I. Leach was inspector. State 
and county were represented on the 
work by Barney Klinger, county in- 
spector. With these organizations co- 
operating on the work the paving was 
progressing at a satisfactory rate when 
visited, in spite of special difficulties 
that have constantly interfered. 









































































New Books 


Management and Methods in Concrete High- 
way Construction; by J. L. Harrison, High- 
way Engineer, U. S. Bureau of Public Roads. 
Publishers; McGraw-Hill Book Co., Ince., 370 
Seventh Avenue, New York City. 242 pages, 
74 illustrations, cloth. $3. 





























Fig. 17.—Placing the Expansion Joint and Slip Dowels. Note How Concrete Covers the Ends of 
the Ties and Goes Up to the Rails 




















Here is a book—we might say hand- 
book—that should fill a long-felt need. 
It is written for the contractor who 
seeks better management for the sake 
of lower costs and better workmanship 
—written by a man who not only has 
had a wealth of valuable experience in 
the field, but who had available the 
great mass of data that has been col- 
lected by the U. S. Bureau of Public 


Roads. 













































From start to finish, this book is 
based upon correct data, sound logic, 
and mature judgment. It acknowledges 
the fact that the paving contractor is 
a business man who must base his bids 
upon the prevailing market, and who 
must then so manage his work that it 
will show an attractive profit regard- 
less of the closeness of the bid. <Ade- 
quate supervision, according to the au- 
thor, is required that management may 
secure the utmost economy in all 
phases of the work. Sufficient super- 
visory organization must be afforded 
in order that the superintendent may 
devote adequate time and thought to 
planning every detail of the work and 
to the elimination of profit leaks. 







































































The book deals with the problems of 
organization, selection and location of 
plant, handling the materials, rough 
and fine grading, and every other ele- 
ment that enters in the work, dicussing 
the relative merits of alternative meth- 
ods and equipment from the standpoint 
of economy and efficiency. The book is 
arranged in the logical sequence of the 
planning and the execution of the pav- 
ing operations. It is concisely written, 
in clear, easily understood language, 
and should prove highly valuable to the 
highway contractor and his superin- 
tendents. Fig. 19.—General View of Portion of the Street That Contains No Street Car Tracks 
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Contractors Aggre- 
gate Producing 


Plant 


How a New England Contractor 
Solved Problem of Securing 
Sand and Gravel for 


Road W ork 


Many concrete highways are now be- 
ing constructed in northern New Eng- 
land to provide more comfortable 
motoring for the army of vacationists 
who visit this region annually. 

Some of these trunk highways pass 
through more or less wild country 
where there are no sand and gravel or 
crushed stone plants because ordinarily 
nobody in the locality uses concrete. 
Consequently, the contractor who bids 
on one of these highway jobs must fig- 
ure on producing his own aggregate. 

The specifications under which these 
contracts are let are quite exacting, so 
the contractor is compelled to install 
a real washing and screening plant. At 
the same time, it is very much to the 
contractor’s interest to have a plant 
that can be knocked down and moved 
to a new location at a minimum ex- 
pense. An excellent type of plant for 
this purpose, installed by Joseph Mc- 
Cormick near South Paris, Me., is shown 
in the accompanying illustrations. 

Mr. McCormick was awarded a con- 


tract for building about seven miles 
of concrete state highway. There was 
no commercial sand and gravel pro- 


ducer in the vicinity, but a large bank 
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View of Screening Plant. Receiving Hopper Is 
at Exireme Right 


of good sand and gravel located at a 
convenient point along the road offered 
Mr. McCormick an easy opportunity to 
become his own producer. 

He obtained a washing and screening 
plant from the Good Roads Machinery 
Co. and a 1 cu. yd. Sauerman power 











Scraper Dragging Gravel Up to Hopper 
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drag scraper to do the excavating. The 
scraper conveys the material up a natu- 
ral incline onto a grizzly over a receiv- 
ing hopper, below which is a scalping 
screen. The tailings from the screen 
go to a jaw crusher, and the crushed 
stone together with material which 
passes through the scalping screen is 
taken by an elevator to the washing ani 
sizing screen. Four sizes of sand and 
gravel are separated. The tailings from 
the screen are returned through a chute 
to the crusher. 

The sand is washed in a drag washer 
which is located to one side and below 
the screen, water for washing being 
obtained from a nearby stream. The 
different sizes are deposited in small 
bins above an Erie aggremeter, which 
turns out a uniform mixture ready to 
mix with the concrete. 

A fleet of 19 Mack trucks is used to 
transport the aggregate from the plant 
to the mixer. The body of each truck 
is divided into four compartments, and 
when the trucks are run under the ag- 
gremeter feeder, which also has four 
spouts, all compartments are loaded 
simultaneously. 





English Experiments With 
Wood Block Pavements 


Some trouble with wood block paving 
in London, according to the 1925-1926 
annual report of the Metropolitan Com- 
mittee on Means of Paving the Streets 
of London, has been due to fast and 
heavy traffic causing movement to the 
wood blocks, the joints opened and 
water getting under the paving, caus- 
ing damage to the foundations in many 
cases. It was also found that, as a re- 
sult of the close jointed method of pav- 
ing generally adopted, particularly if 
the weather is cold or damp, the grout- 
ing material does not penetrate into the 
joints, or only very slightly, and this is 
soon sucked out by the traffic, similar 
difficulties arising from water entering 
open joints. Considerable displacement 
of the wood, at times, takes place. 

In order to obviate this difficulty and 
at the same time preserve a water-tight 
joint, experiments have been made with 
two kinds of specially-made blocks, pro- 
duced by different firms; one kind in 
Aldwych, between the Strand and the 
east side of Kingsway, and the other 
in Lower Regent Street from Waterioo 
place to No. 5. In the former case the 
blocks are kept apart by a thin strip of 
wood 1 in. in depth, attached to the 
bottom of the block for its full length, 
and two smaller pieces near the top, 
which effectively prevent the block from 
moving, at the same time allowing suf- 
ficient space for properly grouting the 
joints. In the latter case, a somewhat 
similar result is arrived at by cutting 
down the side and one end of each block 
so as to leave two slightly projecting 
lugs on one side and a similar lug at 
one end. 
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Tests of Fine Aggregate for Concrete 


Use of Lumnite Cement for Short Time Tests to Determine Quality Described in Paper Presented 
June 22 at 30th Annual Meeting American Society for Testing Materials 


By SANFORD E. THOMPSON and MILES N. CLAIR 


President, The Thompson & Lichtner Co., Boston, Mass.; Construction Engineer, The Thompson & Lichtner Co. 


The large amount of information be- 
ing made available concerning the vari- 
ous factors affecting the quality of 
concrete is making engineers realize 
that many items previously given but 
slight attention are of vital importance 
from the standpoint of economy and 
durability. 

This interest in quality control is 
reflected in the more general use in 
specifications of the requirement that 
materials be subjected to complete lab- 
oratory examination preliminary to their 
use on the job. The period between 
the date of the signing of the contract 
for construction and the time the ma- 
terials are required for the first con- 
crete is often a matter of only a few 
weeks. If the time required to collect 
the samples of materials to get them 
to the testing laboratory is considered, 
it is obvious that time available for the 
tests is usually a matter of a few days. 
Most of the present standard tests of 
materials entering into concrete require 
from 7 to 28 days before a definite re- 
jection or acceptance can be made. The 
result is, generally, that either the ma- 
terial is «sed without awaiting the re- 
sults of the laboratory examination or 
the job is held up. 

Various organizations have developed 
certain tests to enable them to iden- 
tify within a very short time those ma- 
terials definitely satisfactory or defi- 
nitely unsatisfactory. The 1-day neat 
test gives a good indication when in- 
formation is desired within a short time 
on a particular lot of cement. Likewise, 
a 3-day tension test of mortar briquets 
has been used to supplement the stand- 
ard 7 and 28-day mortar test for fine 
aggregates. 

A 24-Hour Test.—This paper was 
prepared to bring to the attention of 
those who have to do with the testing 
and selection of fine aggregates for 
concrete, data from the use in com- 
mercial testing practice of a mortar- 
strength briquet test made at 24 hours 
using Lumnite cement. There will be 
given a short statement of the method 
of making this test, a tabulation of 
data for comparison of the Lumnite 
tests with the portland-cement mortar 
tests at 3, 7 and 28 days, and a brief 
discussion of these data. 

_ The demand for quick information 
In regard to the quality of fine aggre- 
gate led the organization with which 
the authors are connected to experi- 
ment with and adopt the 3-day port- 
land-eement mortar test, about six 
years ago, to supplement the usual 7 
and 28-day tests. Preliminary experi- 


ments showed that three days was about 
the shortest period that could be used 
to give consistent results. The tests 
were made in accordance with the A. S. 
T. M. standards except that an extra 
set of the briquets was made up for 
test at three days. However, three days 
was too long a period in many cases, 
and, therefore, rather than base a pre- 
liminary rejection or acceptance on the 


information given by the usual exam- 
ination and chemical tests alone, experi- 
mentation was started on a 24-hour 
test. The preliminary tests with Lum- 
nite cement showed that it gave results 
that were reasonably concordant with 
those obtained by the standard method 
and so about the middle of 1925 the 
3-day portland-cement test was dis- 
carded and a 1-day Lumnite-cement test 


Table I~—Results of Tests on Fine Aggregate, Including Both Lumnite and Portland Cement Tests 





Silt, 
per cent 


Fineness 
Modulus 


_ Source of 
Fine Aggregate 





Eastern Massachusetts. ... . 
Western Massachusetts... .. 


Eastern Massachusetts... .. 
Western Massachusetts 
Eastern Massachusetts 
Western Massachusetts 


Eastern Massachusetts 
Eastern Massachusetts... .. 


ou 


Eastern Massachusetts. ... . 
Eastern Massachusetts 
Eastern Massachusetts 
Central Massachusetts 
Central Massachusetts 


Eastern Massachusetts. . . .. 
Western Massachusetts 
Western Massachusetts... . . 
Western Massachusetts 
Western Massachusetts 
Eastern Massachusetts... . . 
Eastern Massachusetts. . . . 
Eastern Massachusetts 
Eastern Massachusetts. ... . 
Eastern Massachusetts 
Eastern Massachusetts... .. 
Central Connecticut........ 
Central Connecticut........ 


Central Maine 

Southeastern Maine 

Western New York 

Southeastern New York... . 

Western New York 

Eastern New York 

Southern New Jersey 

Southern New Jersey 

Southern New Jersey 

Southern New Jersey....... 

Southern New Jersey 

Southern New Jersey....... 

Southern New Jersey 

Northeastern New Jersey... 
tral N 

Northern Maryland 

Central Tennessee. ........ 

Central Tennessee 

Central Tennessee 

Central Tennessee.......... 
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West Virginia. 

West Virginia. 

West Virginia. . 

South Carolina 

South Carolina 

South Carolina. .. 

South Carolina 

South Carolina............. 
South Carolina 
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parts per 


of tannic 


. Strength Ratio 
Organic ng 
Matter, 





Lumnite} Portland 
Cement} Cement 


24 7 28 

Hours | Days | Days 
138 145 140 
137 139 136 
161 


167 
158 151 
146 


137 
132 124 


million Remarks 





acid 





Bank sand. 
Lacking in fines. 
sand. 
Bank sand. 
Bank sand. 
Bank sand. 
Bank sand. Excess of 
material passing No. 
100 sieve. 
Bank sand. ’ 
High i» fine material. 
Barx sand. 
Bank sand. 
Bank sand. 
River sand. 
Bank sand. 
Bank sand 
nes. 
Bank sand. 
Bank sand. 
Excess fines. Bank sand. 
Excess fines. Bank sand. 
Excess fines. Bank sand. 
Bank sand. 
Bank sand. 
Bank sand. 
Bank sand. 
Excess fines. Bank sand. 
Irregular. Bank sand. 
Poor. Bank sand. 
Bank sand. 
Passable. Bank sand. 
Bank sand. 
Bank sand. 
Good. Bank sand. 
River sand. 
Bank sand. 
Beach sand. 
Bank sand. 
Bank sand. 
Excess fine. River sand. 
Lacks fines. River sand. 
River sand. 
Bank sand. 
River sand. 
River sand. 
Beach sand. 
River sand. 
Excess fine. River sand. 
Excess fine. River sand. 
River sand. 
River sand. 
Bank sand. 
River sand. 
River sand. 
River sand. 
Excess fine. 
Irregular. 
River sand. 
Bank sand. 
Irregular. River sand. 
Poor. River sand. 
River sand. 


none 
none 


20 
500 
none 
20 


Bank 


158 
149 
123 
128 


134 127 


102 


140 
100 


105 
100 
lil 


4 Excessive 


Trregular. 


Bank sand. 
Bank sand. 


. Bank sand, 


eB was 
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Table I (Continued) 


Fastern Georgia 

Fastern Georgia 
| Georgia 

Georgia 
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Corn 
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Azores 
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Panama 
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| Central Ohio 
Central Ohio 

| Northern Michigan 

| Northwestern Illinois 
Central Illinois 
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Arkansas 











137 37 39 5 | River sand. 
80 Poor. River sand. 
100 River sand. 
100 Bank sand. 
none * Volcanic origin. Beach 


nd. 
none 5 Voleanic origin. Beach 


sand. 
none 56 Voleanic. Lacks fines 
Beach sand. 
none 90 |Voleanic. Beach sand 
none : Volcanic. Beach sand 
none 7 Volcanic. Beach sand 
100 Limestone. River sand 
60 ( ! 5 | River sand. 
20 ‘ 56 River sand. 
20 : 5 Coarse. River sand 
20 ‘ 5 25 | Bank sand 
none 5 Coarse. Bank send 
100 3 | Bank sand 
none Very fine. Carbon 
coated. Special 
250 Poor. River sand 

















Table I1l—Results of Tests on 


Aggregates, Including Portland Cement Tests 








Fineness| Silt, 
Modulus) per cent 


Source of 
Fine Aggregate 


Massachusetts 
| Nertheastern Massachusetts | 
Northeastern Massachusetts 
Northeastern Massachusetts 
| Northeastern Massachusetts 
| Northeastern Massachusetts 
Central Massachusetts 
} Massachusetts 
| Massachusetts 
Eastern Massachusetts 
| Massachusetts 
| Northeastern Mass achusetts 
Northeastern Massachusetts 
Northeastern Massachusetts 
Northeastern Massachusetts 
| Massachusetts 
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Massachusetts 
M assachusett 
Massachusetts 
| Massachusetts 
Massachusetts 
Massachusetts 
Massachusetts 
| Massachusetts 
| Massachusetts 
5 | Massachusetts 
Massachusetts 
| Massachusetts 
Massachusetts 
Massachusetts 
Massachusetts 
Massachusetts 
Massachuset's 
Massachusetts 
Massachusetts 
Massachusetts 
Massachusetts 
M assachuset's 
Massachusetts 
M ass. achusetts 
| Massachusetts 
Massachusetts 
Massachasetts 
| Western Massachusetts 
Massachusetts 
| Western Massachusetts 
Massachusetts 
Massachusetts 
Massachusetts 
Massachusetts 
Massachusetts 
Massachusetts 
Massachusetts 
Massachusetts 
Massachusetts 
Massachusetts 
Maine 
Maine 
Maine 
Maine 
Southeastern Maine 
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adopted as standard laboratory practice 
to supplement the portland-cement tests 
at 7 and 28 days. 


| million 
| of tannic 3 





Strength Ratio, 
Portland Cement 


Organic 
Matter, 
parts per es 
j 7 28 

Days | Days | Days 


Remarks 


| 
—_— 
‘ 121 Bank sand. 
none 101 2 | Bank sand 
none 102 2 Bank sand 
none 155 | Bank sand 
none 124 Bank sand 
none 114 | Bank sand 
100 100 | Bank sand 
500 6 | Band sand 
none 100 } 
none 100 | 
none 98 
none 95 } 
none 100 
none 96 | Bank sand 
none 101 Bank sand 
none ; Bank sand. 
none 25 River sand 
none j | | Rank sand 
none 20 | 7 | Bank sand 
none Bank sand 
none | | Bank sand 
none ‘ | Bank sand 
20 3 | 7 | Bank sand 
none j Bank sand. 
none 2 | Bank sand. 
none 7 Bank sand 
none Bank sand 
none . 5 | Bank sand. 
350 5 | | Bank sand 
300 Bank sand. 
none 2 9 River sand 
20 : 3 | Bank sand. 
250 25 Bank sand 
350 j f Bank sand. 
none | 3 | Bank sand. 
none q | Bank sand 
none } ( Bank sand 
none 9 | Bank sand. 
none 2 2] 2 | Irregular. Bank sand 
none | 2 | Irregular. Bank sand 
500 5 | Coarse. Bank sand. 
none 2 | 2 | Bank sand. 
none Bank saad. 
none 2! 5 | Bank sand 
none 5 | } | Bank sand 
none 2 | Bank sand. 
none Bank sand 
none 5 Bank sand. 
none 2 Bank sand. 
100 d Bank sand 
100 7 Excess fines. Bank sand 
20 26 : 3 | Bank sand. 
none Bank sand. 
none 2 Bank sand. 
none Bank sand. 
none : 9: Bank sand 
none 5 | Bank sand 
none ; Bank sand 
none Bank sand 
350 7 92 Bank sand 
none 36 5 Bank sand 
none : Bank sand 
none ‘ 7 Bank sand 
none 3 | Bank sand. 
none k 2 Bank sand 
none ; Bank sand 
none ; 5 Bank sand 
100 8: 2 | Bank sand 
350 . : Bank sand 
none Bank sand 


‘ 


Bank sand 
Bank sand 
Bank sand 




















Test Procedure.—The procedure used 
for this test is in accordance with the 
requirements of the A. S. T. M. Speci- 
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fications for Concrete Aggregates (C 33 
—26 T), except that certain details 
which are not definitely stated in the 
specifications have been standardized 
for our work. A batch using 750 g. of 
standard sand, 250 g. of cement and 
a quantity of water based on the nor- 
mal consistency of the cement, is made 
up and the consistency of this batch 
determined by a small flow table. The 
proper amount of water that will give 
the same consistency for the job sand 
as that of the standard sand is then 
determined by trial. The briquets are 
made using the quantity of water so 
determined. The water used for the 
Lumnite briquets is in the same propor- 
tion, but is based on the normal con- 
sistency of the Lumnite cement. 

This consistency, as mentioned above, 
is determined by means of a small flow 
table. This table is similar in con- 
struction to the usual flow table used 
for concrete, except that the plate is 
only 10 in. in diameter and has a drop 
of 1, in. The truncated cone used with 
it is 2 in. deep and tapers from a diam- 
eter of 2% in. at the top to 4 in. at the 
bottom. The procedure in using this 
apparatus is to fill the mold to one- 
third of its height with the mortar, then 
rod 25 times with a %4-in. diameter rod; 
repeat for two-thirds full; and finally 
fill and rod. The top is levelled off by 
four strokes of the trowel and the cone 
removed at once. The table is then 
jigged for 45 seconds at the rate of 
one drop every 1% seconds. The aver- 
age diameter of the base of the cone 
of mortar is measured with a caliper 
and this is fixed and used for the job 
sand. 

The portland-cement briquets are 
stored in the standard manner. The 
Lumnite-cement specimens are covered 
with steel or glass plates on both sides 
and it is important that these be held 
tightly in place. 

The essential requirements for suc- 
cess in the use of this method is the 
absolute prevention of eontamination of 
the Lumnite cement by portland cement, 
lime and calcium chloride, and use of 
the plates on both sides of the speci- 
mens. It is preferable that entirely 
separate tables be used for the two 
cements. Failure to observe these pre- 
cautions will result in faulty briquets. 

Test Data.—Table I gives data from 
commercial tests made on fine aggre- 
gate for concrete using the Lumnite- 
cement 24-hour test to supplement the 
usual 7 and 28-day portland-cement 
tests. The data are not selected data, 
but represent all that it is feasible to 
present at this time. The tests were 
made by several different operators 
using seven different brands of port- 
land cement. Certain characteristics of 
the materials are indicated where avail- 
able. The strength ratio for the Lum- 
nite cement is based on Lumnite-cement 
briquets as 100 made at the same time 
using standard Ottawa sand. The 
strength ratio for the portland cement 
is based on portland-cement briquets 45 
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| Southeastern Maine 
Southeastern Maine 
Southeastern Maine ‘ ee 
| Aaa 2.45 
| Maine... . iesancenves 2.52 
| Maine : 
| Maine 
| South Carolina. . 
| Vermont 
Vermont 
81 | Connecticut............... 
82 | | EERIE 
No. 88 | Commoctiout........cccese 
No. 84 SIR. och cccvedeonns iinm 
No. 85 | Connecticut.............. 2.31 
No. 86 | New Hampshire.......... 
No. 87 | New Hampshire 
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No. 88 | New Hampshire 2.02 
No. 89 | New Hampshire... hia 1.77 
ie Ge 1 ee We soreccesceccnces a 
No. 91 | Eastern Pennsylvania —~ 
No. 92 | Central Pennsylvania... .. 2.81 
No. 93 | Central Pennsylvania. ... 1.6 


No. 94 | Pennsylvania 

No. 95 | Pennsylvania 

Fastern Pennsylvania 
No. 97 | New Jersey 

No. 98 |. Maryland 

No. 99 District of Columbia... .. 
No. 100! District of Columbia. . . 
No 101) Tennessee ; 
No. 102) Tennessee 

No. 103, Tennessee 

No. 104) Tennessee 

No. 105) Tennessee 

No. 106; Kentucky 
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No. 107; Kentucky ; 18 mere 
No. 108) North Carolina 99 0.2 
No. 109) Florida a , wae 
No. 110} New York : 
No. 111) Minnesota. .... : 3.27 


No. 112) Minnesota 


Table {I (Continued) 





ROADS AND STREETS 


none 95 89 91 | Bank sand. 

none 92 77 82 | Bank sand. 

none 120 141 136 | Bank sand. 

none 82 106 109 | Bank sand. 

none 83 109 | 109 | Irregular. Bank sand. 
20 53 93 91 | Irregular. Bank sand. 


none 101 126 129 | Bank sand. 


none 102 102 101 | Bank sand. 
100 110 102 101 | Bank sand. 
500 46 31 23 | Bank sand. 
5 30 56 67 | Bank sand. 
100 89 96 98 | Bank sand. 
100 85 96 | 100 | Bank sand. 
none 110 119 | 123 | Bank sand. 


none 100 111 | 103 | Excess fines. Bank sand. 
none lll 1C: 102 | Bank sand. 
350 78 94 85 | Bank sand. 
none 131 107 | 105 | Bank sand. 
none 112 119 115 | Bank sand. 
none 102 102 | 101 | Bank sand. 
none 131 131 152 | Slag. 
none 108 115 | 118 | Bank sand. 


350 62 63 75 | Bank sand. 
none 106 102 103 | Bank sand. 
none 71 65 98 | Bank sand. 
none 84 84 95 | Slag. 


none 106 112 110 | Bank sand. 


none 132 129 113 | Bank sand. 
none 116 101 99 | River sand. 
none 75 68 88 | River sand. 
20 96 93 98 | Bank sand. 
20 100 102 105 | Bank sand. 
none 88 91 92 | Bank sand. 
20 87 98 89 | Irregular. Bank sand. 
250 102 102 | 101 | Irregular. Bank sand. 
none 161 151 148 | Bank sand. 
100 59 73 85 | Bank sand. 
20 100 103 107 | Bank sand. 
none 100 100 | 101 | Excess fines. River sand. 
none 95 101 136 | Bank sand. 


none 145 139 | 121 | Soft stone. Bank sand. 
none 104 131 100 | Bank sand. 

















100 made at the same time as the Lum- 
nite briquets and using standard sand. 
Under the heading “Remarks” is in- 
cluded information as to the brand of 
sand and its grading. Sand concern- 
ing which there are no remarks may in 
general be considered as being of fairly 
satisfactory grading. 

Table II is given for comparison of 
the 3-day mortar test with the Lumnite- 
cement tests given in Table I. It pre- 
sents data from commercial tests of 
fine aggregate for concrete made during 
a period of three to four years prior to 
the Lumnite tests. There was much 
less information available in regard to 
the characteristics of those materials 
than for those tested during the last 
two years. The strength ratio for the 
3-day portland-cement briquets is based 
on a corresponding set using standard 
sand as 100 and made at the same time. 

Discussion.—The data in Table I show 
considerable variation in individual 
cases between the Lumnite-cement test 
and the portland-cement 28-day test, 
which is taken as standard. The aver- 
age difference, however, is negligible, 
the Lumnite test tending to be slightly 
optimistic. The 7-day tests with the 
portland cement do not agree as closely 
with the 28-day tests as do the Lum- 
nite tests. 

We use a mortar-strength ratio of 
85 per cent at 28 days as the lowest 
acceptable for a concrete aggregate 
which shows a high organic content. 
Using this as a basis, it would appear 
from the table that only four would 
have been rejected which were usable 
an two would have been accepted which 
were not usable. Actually, other fac- 
tors governed in all of these cases. 

Comparing the information of Table 
II with that of Table I,.it is seen that 
the two methods of test show about 





the same average variation from the 
28-day ratio, but the 3-day test is 
slightly pessimistic, while the Lumnite 
test is slightly optimistic. 
Conclusion.—The Lumnite-cement 24- 
hour mortar test for determining the 
quality of fine aggregate for concrete, 
made in accordance with the method de- 
scribed in this paper, gives results com- 
parable with those obtained by the 
portland-cement mortar test at 28 days. 
We consider it of value where infor- 
mation must be obtained concerning the 
qualities of fine aggregate within 24 
hours and which is to be checked by 
portland-cement tests later. 





The Need for Traffic 
Engineers for Cities 


A city engineer charged with the 
constant study of local traffic conditions 
in order to observe changing needs and 
counsel adequate preparations to meet 
them should be in the service of every 
American city of more than 25,000 popu- 
lation and in many smaller cities as 
well, according to a recent statement by 
Miller McClintock, director of the Albert 
Russel Erskine Bureau for Street Traffic 
Research. 


The complexities of modern city traf- 
fic brought about by the rapid increase 
of motor vehicle registrations, changes 
in city conditions as a result of building 
operations, the shift of business dis- 
tricts and many other factors require 
constant study if a city is to keep 
abreast of its traffic and safety prob- 
lems, he stated in Chicago before more 
than 100 mayors and city officials who 
had met to discuss traffic and safety 
matters. 


“Few problems of administration fac- 
ing officials of American cities have be- 
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come as important and complex in the 
past decade as the effective regulation 
of street traffic. Provided for the most 
part with an archaic code of traffic laws 
as out of date as the horse and buggy, 
they have been put to the necessity of 
coping as best they could with the task 
of traffic control. From time to time 
the pressure of conditions brought about 
changes in administrative organization 
and traffic control, but these changes 
have seldom been developed on a basis 
of thorough engineering study of all 
the problems involved.” 

One of the major recommendations 
in the widely quoted Chicago traffic 
survey made by the Erskine Bureau, 
which is endowed in Harvard University 
by the Studebaker Corporation, in- 
volved the creation of a traffic engineer- 
ing division in the department of public 
works and the appointment of an engi- 
neer whose full duty should be the study 
of street accidents and traffic conditions, 
the preparation of recommendations 
for improvement, and supervision of 
the placing and operation of all city 
traffic signs and signals. 

Adoption of this recommendation by 
a special act of the city council set a 
precedent many other large cities are 
considering in the treatment of their 
traffic difficulties. 

The city traffic engineer serves to 
supply accurate and up-to-date infor- 
mation to the city traffic commission, 
also formed on the basis of the traffic 
survey’s report and recommendation, 
and consisting of representatives of 
city departments charged with the 
various duties relating to traffic control. 


This recommendation for a city traffic 
engineer and traffic commission is in 
harmony with the proposals of the 
National Conference on Street and 
Highway Safety formed by Herbert 
Hoover, Secretary of Commerce. “The 
traffic commission should have accurate 
records of traffic movement, observe 
changing conditions affecting trade, 
suggest amendments to the traffic ordi- 
nance and keep the traffic survey and 
plan up-to-date,” says the Hoover com- 
mittee’s report. 

The Chicago survey’s recommenda- 
tion for a traffic engineer and city 
traffic committee was based on the 
assumption that satisfactory control 
of traffic can never come from casual 
observation or guess-work, but must 
be based on sound facts gathered along 
engineering lines. One of the func- 
tions of the Erskine Bureau, as outlined 
by A. R. Erskine, president of the 
Studebaker Corporation, is to aid Amer- 
ican cities in the development of 
better traffic regulation and safety 
measures through engineering re- 
search in street traffic problems. In 
carrying out this work Dr. McClintock, 
as director of the bureau, is serving 
as traffic consultant and director of 
traffic surveys in Chicago, Los Angeles, 
Boston, San Francisco, and a number 
of other cities faced with acute traffic 
problems. 












































































In spite of the fact that in northern 
climates there is of necessity a seasonal 
peak in the carrying on of highway 
work, twelve states report at least 
some degree of success in meeting the 
problem. Although actual construction 
is practically at a standstill between 
Dec. 1 and April 1, means have been 
evolved enabling contractors to get their 
plants set up during the winter and 
spring and to store materials. 

By following this plan in Illinois, 
contractors are ready to start work as 
soon as the construction season opens 
and are able to prosecute their con- 
tracts without inconvenience or delay 
during the comparatively short period 
available for working on the roads, ac- 
cording to highway officials. Contracts 
in this state are awarded during the 
fall, winter and early spring months 
for work to be carried out during the 
following construction season. 

Frank T. Sheets, Chief Highway En- 
gineer for Illinois, is enthusiastic in his 
praise of this arrangement, stating that 
“it tends to distribute the transporta- 
tion problem over a longer period of 
time and to stabilize the construction 
industry. Generally speaking, our 
greatest volume of contract letting oc- 
curs from November to March. By 
following this plan we are able to util- 
ize our engineering forces for surveys 
and the preparation of plans during 
the fall and winter months and for con- 
struction during the construction season. 
This avoids lay-off of our forces and 
consequent turnover.” 

Reducing Seasonal Peak by Decem- 
ber Lettings.—Engineers in several 
states report inability to overcome sea- 
sonal peaks because of lack of coop- 
eration by the Legislature in making 
appropriations. On the other hand, A. 
W. Dean, Chief Engineer for Massa- 
chusetts, says, “This department has 
been able to reduce to a considerable 
extent the seasonal peak in the letting 
of highway contracts by securing au- 
thority from the Legislature whereby 
contracts may be let in December for 
work that is to be carried on during 
the following year.” 

The department is enabled to do this 
by an act which permits the letting of 
contracts for reconstruction work on 
state highways in anticipation of ap- 
propriations that are usually made in 
the latter part of March. The extent 
of such lettings is limited to 25 per 
cent of the appropriation for similar 
purposes made during the current year. 
Under this act $1,400,000 worth of work 
was let during December, 1926. 

The Massachusetts Highway Division 
has also been fortunate in that it has 
not been subject to depressions in the 
trend of volume of lettings during the 
summer months. 





Winter Highway Work 


Experiences in Various States Summarized in the March Constructor 


Roy A. Klein, Oregon State Highway 
Engineer, points out that “there is a 
great deal of advantage to the state 
as well as the contractor in avoiding the 
peak season and in giving the con- 
tractor ample time to prepare for his 
work in advance of the actual construc- 
tion season.” 


Practice in Oregon and Mississippi. 
—Whenever possible the Oregon High- 
way Commission endeavors to receive 
bids in the fall for construction to be 
carried on during the next working sea- 
son. Contracts awarded by this Com- 
mission have been fairly well distrib- 
uted over the entire year. 

In Mississippi the practice has always 
been to award contracts as rapidly as 
finances are provided and plans pre- 
pared. No consideration is given to 
the season of the year at which the 
contract is awarded, with the result that 
lettings have been spread over the year 
with no seasonal peaks, while the cli- 
mate, of course, removes many of the 
problems encountered in states to the 
north. 

By keeping a fairly constant organ- 
ization employed on surveys and plans, 
the Pennsylvania Department of High- 
ways has been able to avoid seasonal 
peaks and depressions in the trend of 
volume of lettings. 

Minnesota Highway Commissioners 
believe best results are secured from 
awarding contracts as far in advance 
as is deemed advisable under the cir- 
cumstances. Between October, 1925, and 
January, 1926, contracts were let for 
practically all the work which was to 
be done during the year of 1926. The 
volume of early awards for 1927 was 
considerably less because the Highway 
Department was awaiting action of the 
1927 legislative session. 

Rhode Island Awards Contracts in 
Late Fall.—In Rhode Island the type of 
work determines in great measure the 
time of letting the contract. During the 
past year, awards were made in March, 
June, August, September and Novem- 
ber. 

“Tt is our practice to award contracts 
in late fall which involve grading that 
can be carried on to a large extent dur- 
ing the winter months,” explains George 
H. Henderson, Chief Engineer with the 
Rhode Island Highway Department. 
“In these contracts usually there are 
heavy fills, and we specify that these 
fills must be made in the fall or early 
winter to insure settlement before the 
pavement is laid over them the follow- 
ing summer. 

“As far as practicable jobs are placed 
in the other lettings in accordance with 
the length of the construction and the 
amount of work involved, in order that 
contracts will be completed by the end 
of the fiscal year.” 
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Maine Awards Contracts in Septem- 
ber.—Variations in the funds available 
for financing highway construction in 
Maine have made impossible any fixed 
policy in awarding contracts. When- 
ever it can be arranged, contracts are 
awarded in September to allow con- 
tractors to get their equipment on the 
ground and do preliminary work, such 
as heavy grading and delivering of 
stone, during the fall months, with the 
idea of completing the work early the 
following summer. 

Paul D. Sargent, Chief Engineer of 
the Maine Highway Commission, is con- 
vinced of the advisability of making 
early awards, in spite of the fact that 
his department has not been able to 
follow this practice to any extent. “If 
we had plenty of financing,” he says, 
“and it was known over a period of 
years just what funds would be avail- 
able each year, there is no doubt but 
that we could save a good deal of money 
by carefully planning and executing 
such portions of the work as can be 
done to advantage during what might 
be called the closed season.” 

A light program of road building for 
1927 has reduced the steady flow of 
lettings that heretofore has been the 
rule with the Missouri State Highway 
Department. Ordinarily, however, this 
department is able to hold lettings at 
intervals of from one month to six 
weeks. This plan, in the opinion of 
Chief Engineer B. H. Piepmeier, has 
been successful in reducing seasonal 
peaks in the past, as up to the present 
time Missouri has had a very heavy 
road building program. 

In Kentucky and North Dakota the 
practice is followed of awarding con- 
tracts during the winter in order that 
bonds may be ready and the contract- 
ors may lay their plans and stock ma- 
terials before the earliest possible date 
for commencing construction in the 
spring. 

R. L. Cochran, State Engineer for 
Nebraska, reports that the Nebraska 
Department of Public Works “awards 
contracts pretty much during the whole 
year, so that work progresses the year 
around, whenever weather will permit.” 

Year Round Construction in Some 
States.—The climate in Oklahoma, Ala- 
bama, North Carolina, Georgia, Texas, 
Louisiana, Florida, South Carolina, part 
of Utah and other states permits year- 
round construction. Because of this fact, 
the State Highway Departments of 
South Carolina and Florida have found 
competent contractors plentiful for win- 
ter work, as a number of men from far- 
ther north have begun bidding on win- 
ter jobs in these southern states. 

The Florida Highway Department for 
the past year or more has resorted to 
the method of receiving bids on sections 
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of work about every 60 days. In this 
way a good class of contractors has 
been secured. “Furthermore,” adds J. 
L. Cresap, State Highway Engineer, 
“we give contractors a better oppor- 
tunity to figure on the work. In letting 
in larger quantities a man might bid 
on only one job, and failing to get this, 
would not be able to secure other work 
for some time.” 

For those localities of southern Utah 
where highway work can be continued 
throughout the year, the State Road 
Commission has adopted the plan of 
awarding contracts at such time as will 
secure the completion of the major por- 
tion of the work during the winter 
months, when traffic is at a minimum. 
In other cases, the Commission’s aim 
is to award contracts at such times as 
will permit the completion of projects 
during one working season, thus reduc- 
ing the cost to the state. 


Turnover Reduced in Louisiana.— 
Nicholls W. Bowden, Principal Assist- 
ant Engineer for Louisiana, points out 
that the saving in labor turnover 
through continuous construction justi- 
fies work during the months of Jan- 
uary, February and March when the 
rainy season retards progress in his 
state. 

“It has been our experience that the 
prices we obtain on lettings held in the 
late fall and early winter are about as 
favorable as those obtained in the 
spring or summer,” says Mr. Bowden. 
“At any rate, the difference is not 
enough to justify reducing the quan- 
tity of winter work and increasing the 
quantity of summer work. The incon- 
venience, as well as the cost attendant 
on laying off and re-employing super- 
visory forces for highway construction 
work, is considerable, and it is one of 
the real problems confronting the high- 
way departments of most states. We 
find it entirely practicable to maintain 
our field and office forces practically 
constant throughout the year and to ar- 
range that the volume of our lettings 
does not materially change from time 
to time. 

“We do not experience much trouble 
along the line of depressions in the 
volume of lettings except when our 
funds run low in advance of our ex- 
pectation. This, of course, happens, if 
at all, near the end of the calendar 
year, but we have found it possible, 
through the adoption of a budget at 
the first of each year, to control this 
feature fairly well.” 

Climatic conditions make depressions 
in the trend of contract lettings un- 
avoidable in states, such as Nevada, 
Vermont and South Dakota, where win- 
ter work is impossible. Contracts are 
let at the beginning of the season in 
Vermont in order to insure completion 
of the work before winter. 

South Dakota Spreads Its Lettings 
Over Season.—Although winter con- 
struction cannot be performed econom- 
ically in South Dakota, the State High- 
way Commission distributes its awards, 
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letting cuutracts for approximately half 
the season’s work in the early part of 
March, a quarter of the work about the 
middle of the summer, and the remain- 
der in the latter part of September or 
the first of October. This method of 
handling contracts, according to O. N. 
Hetle, Highway Engineer, gives suffi- 
cient spread to eliminate largely the 
tendency to overload some contractors 
with work while others obtain less than 
they are able to handle. 

No fixed policy relative to seasonal 
peaks in highway construction is fol- 
lowed in Wyoming, Indiana or Wiscon- 
sin. In Wyoming the volume of work 
is comparatively small, and its charac- 
ter is governed to considerable extent 
by weather conditions which prevail in 
that latitude. 

Contracts for road work in Indiana 
are awarded during the early fall and 
winter preceding the construction sea- 
son, the Highway Commission consid- 
ering it useless to advertise for bids on 
road contracts during the construction 
season when contractors do not have 
time to be away from their projects. 
Contracts for bridge, however, are 
awarded whenever it is possible to com- 
plete a sufficient number of plans to 
insure an attractive letting. 

F. M. Balsley, Construction Engineer 
with the Wisconsin Highway Commis- 
sion, says, “Ordinarily we advertise our 
projects as soon as the plans are com- 
pleted and approved. Due to the fact 
that the lettings are distributed over 
the state, we have no particular trou- 
ble with congestion. We aim to award 
contracts for our work as early in the 
season as possible.” 

No success has met efforts to remove 
seasonal peaks in letting contracts for 
highway construction in Arkansas, New 
Hampshire, Kansas, Washington, Ohio 
or Michigan. Uncertainty as to when 
appropriations will be available seems 
to be largely responsible for this con- 
dition. 

The work in New Hampshire is con- 
ducted on a cooperative basis between 
the state and towns, operations being 
practically wholly dependent upon the 
amount of money raised by the towns 
at their annual meetings held in March. 
Contracts are awarded as soon as pos- 
sible after these meetings. 

The Washington Highway Depart- 
ment has been unable to eliminate the 
seasonal peaks in letting highway con- 
tracts due to the fact that the laws 
of the state provide for operating on a 
two-year program basis. Under this ar- 
rangement, it is necessary to conceive, 
start and complete the program within 
a two-year period. This results in a 
peak in letting contracts during the 
first half of the period and a conse- 
quent slump during the last half. 


A report from the Ohio Department 
of Highways and Public Works states 
that it has been practically impossible 
to fix dates at which projects will ac- 
tually be let because the letting is pred- 
icated on financing, and this financing 
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may be dependent on federal, state, 
county or township aid, and on assess- 
ment against the property adjoining the 
improvement. 

In Michigan the State Highway De- 
partment has been obliged to let high- 
way contracts largely when funds were 
available. The season for lettings 
usually extends from April to Novem- 
ber, and the work is fairly well dis- 
tributed over this period. 

All road work in Kansas is initiated 
by the Board of County Commissioners, 
and is governed somewhat by the 
amount of federal aid and other funds 
available for construction. All plan 
work is handled by county engineers 
or engineering companies, acting under 
the County Commissioners. The only 
check held by the State Highway Com- 
mission lies in the fact that the plans 
must pass through the office of the 
state department. Because of limita- 
tions in appropriations, this task is com- 
pleted only at a limited speed, with the 
result that work is spread over prac- 
tically the entire year. 





New Oil Burning Kettle for 
Road Work 


Littleford Bros., of Cincinnati, O., 
have recently placed on the market an 
oil-burning asphalt melting kettle for 
road construction work. It is known 


as Type No. 83, and is made in two 
capacities, 300 and 500 gal. 





The New Oil-Burning Asphalt Melting Kettle 
‘Introduced by Littleford 

The new kettle embodies practically 
all of the features of the Littleford 
“Contractor’s Special” wood-burning 
kettle. Type No. 48, which Littleford 
Bros. have been manufacturing for 
years, except that it is built for burn- 
ing kerosene or a light furnace oil ex- 
clusively. 

Two oil burners, of Littleford manu- 
facture, supply an intense heat, which 
the manufacturer claims will melt 
batches of asphalt in a much shorter 
time than is possible with a wood or 
coal fire. 

The kettle carries a fuel tank of 20 
gal. capacity, and is mounted on roller 
bearing wheels and high carbon steel 
axles. While standard equipment in- 
cludes all-steel wheels, the kettle is 
mounted on solid rubber tires with steel 
heat guards, when desired. 

A warming hood to take the place of 
the standard cover, and a barrel hoist 
for raising barreled materials, are ac- 
cessories which can be furnished. 


















































































































































































































One Cause For 
Present Low 


Bidding 

‘ Why Contractors Are Submitting 

Low Bids for Road Work Told in 
Paper at Meeting of Illinois 
Association of Highway and 


Municipal Con- 
tractors 


By A. E. HORST 


Secretary-Treasurer Henry W. Horst Co., 
Contractors, Rock Island, Ill. 


In the “Valve World” (a Crane publi- 
cation) some months ago Business was 
described as follows: 

“Business is the term applied to the 
efforts of human beings throughout the 
world to exchange with one another the 
various fruits of their labor. It is es- 
sential to make this exchange in order 
that we may supply ourselves with 
food and clothing and shelter, that is, 
that we may continue to live. The im- 
mediate purpose of business is to sup- 
ply our needs. The secondary purpose 
of business is that we may increase our 
wealth in order that we may enjoy the 
fruits of our labor through the devel- 
opment of culture and of our spiritual 
natures.” 

Business, then should give us wealth; 
and wealth, properly and wisely used, 
makes it easier for us to pursue our 
quest for happiness, which is the goal 
for all our planning and striving. 


Many Contractors in the Field.—To- 
day our particular business happens to 
be that of constructing permanent 
highways. From this business then, we 
that are actively engaged in it, should 
expect to derive the benefits above de- 
scribed. It is almost the universal cus- 
tom where highway contracts are to be 
let, that this work must be secured in 
the open market on competitive bid- 
ding. Because of the large program of 
road construction that has been started 
within the past comparatively few 
years many firms have entered this 
field as possible contractors. Many of 
them have had very little, if any, ex- 
perience in any sort of construc.ion. 

Permanent construction of highways, 
a few years ago, was a new line of en- 
it was necessary that a 


deavor, and 
great deal of experimental work be 
done before definite, intelligent and 


economical construction of roads was 
developed. Equipment manufacturers 
were endeavoring to build such equip- 
ment as would help construct these 
roads for the least cost. It was neces- 
sary, however, for the contractor also 
to experiment largely with his own 
money to assist in perfecting this com- 
paratively untried equipment. 

The Development of Equipment.— 
Most of you will remember in the early 
years of highway work two-bag batch 
mixers were the standard. These mix- 
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ers have now developed so that as a 
rule the six-bag batches seem to be the 
most economical. Many of you will re- 
member the types and various kinds of 
untried equipment that were on exhibi- 
tion at the Road Show some six or 
eight years ago, which at that time we 
all thought would be the solution of 
the machinery that should be used in 
the construction of roads. Compare the 
equipment for road building that was 
shown at the road show eight years ago 
with what is being exhibited there now. 
All of this to show that road construc- 
tion during the past ten years was 
largely an experimental process, and 
the contractor had to keep very accu- 
rate records as to the performance or 
non-performance of this equipment. 
Contractors have put much of their 
money into this experimental stage of 
road construction. 


In the speaker’s judgment, in order 
to determine the reason for present low 
bidding among contractors, it is neces- 
sary for the purpose of discussion, that 
the field of contractors be divided into 
two classes. For this purpose, then, we 
will call Class 1 contractors those who 
have had at least two to three years’ 
experience in highway contracting, and 
Class 2 contractors those who had less 
experience in the road game. 


Lack of Cost Records.—The greatest 
cause for present low bidding among 
Class 1 contractors (those with more 
than two years’ experience) is, in the 
speaker’s judgment, that these contrac- 
tors do not keep intelligent cost records 
of their performances and constantly 
reflect these cost records in their bids. 
I like to assume that a contractor has 
enough brains not to want to lose 
money on any work that he undertakes 
to do. I, however, sometimes feel that 
the contractor is a good deal like a 
very sick patient for whom the doctor 
has prescribed medicine that happens 
to have a very bad taste. The patient 
proceeds, against his own better judg- 
ment, to refuse to take the medicine 
that has been prescribed and trusts to 
luck that he may get well without it. 
This is somewhat similar to the fact 
that, though a contractor’s cost records 
show he should bid $2.64 per sq. yd. for 
slab, without cement, he cuts his bid 10, 
20 or even 30 per cent and trusts to 
luck that somehow or other he may 
come out “right side up.” He may also 
imagine that he must have a job in 
order to pay his overhead. It is much 
easier to pay a comparatively small 
amount of overhead than to secure a 
contract and pay a much greater 
amount of money in loss on that con- 
tract. 


This type of contractor is not willing 
to add a proper contingency for bad 
weather conditions. Those contractors 
who happened to have contracts in this 
state during the past year and who will 
analyze their costs intelligently, I be- 
lieve will find that the weather has had 
a great deal to do with the delays and 
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exceptionally high unit costs that have 
obtained in their work this year, ani 
certainly should take these costs into 
consideration when building up bids on 
work of this nature in this state in the 
future. 

Advantages of Accurate Cost Rec- 
ords.—T he reason for low bidding 
among Class 2 contractors (those with 
less than two years’ experience, and 
there seem to be many more of these 
than of Class 1) is that they do not 
recognize the value of the equipment 
that must be charged off in doing a 
given amount of road work. Such 
equipments as shovels, mixers, rollers, 
trucks, subgraders, finishing machines, 
forms, burlap, tractors, pumps, pipe 
line, ete. 

An experience in our own organiza- 
tion is given. We became interested in 
the road game in 1919. We had back 
of us 26 years of experience in building 
construction and felt that we knew 
something about construction costs, and 
thought we also knew something about 
what the proper depreciation on con- 
struction equipment was. Before the 
first contracts were finished we owned 
56 trucks and expected that these 
trucks would have a normal life of 
three years, and depreciated them in 
accordance with this plan. After two 
years of operation we discovered to our 
amazement that we were spending so 
much on these trucks in upkeep, re- 
pairs, etc., that it was necesary to 
dispose of the trucks forthwith. Had 
we not kept close cost records we would 
have suffered even more severely. 

Our experience in the first year and 
a half on road construction, even with 
26 years of building construction be- 
hind us was an exceedingly costly ex- 
perience, and I am satisfied that had 
we not kept accurate and intelligent 
cost records and used these in building 
up our bids in securing new work, in- 
stead of trying to bid without these 
cost records, we might not have been 
here today as road contractors with all 
debts paid. And these records for a 
year and a half on 13 miles of work did 
not cost us over $6,000. Accurate and 
intelligent cost records will always be 
worth the price if you will only use 
them after they are once secured. 

Some unethical bonding company 
agents also help to interest would-be 
contractors in securing a job at any 
price in order that they may secure the 
benefit of the bond premium that might 
be theirs if the contract is awarded. 

A contractor should always remem- 
ber that he is entitled to a fair margin 
of profit for his work after all other 
expenses have been paid, and that it is 
a great deal better for him to lose a 
job than it is to get a job and lose 
money on that job. 


All Items of Cost Not Considered.— 
Among contractors of less than two 
years’ experience are very often super- 
intendents or foremen of reliable or- 
ganizations who branch off in business 
for themselves without knowing the 








of pe 


Fo 
naire 
Ame} 
way 
60 pe 
partr 
socia’ 
the | 
Assoc 
their 
throu 
can B 
cleari 
are | 
throu 
from 
house 
impor 
their 
ing o1 

I a 
tracto 
would 
rate a 
ness 
telligg 
actua 
of pI 
cause 
moved 

















$30 
Jerse 
has‘s 
000,04 
State 















uld 


and 
vith 
be- 
ex- 
had 
ent 
ing 


ese 
een 

all 
ra 
did 
and 
: be 


any 
l-be 
any 

the 
ight 


em- 
rgin 
ther 
it is 
se a 
lose 


two 
per- 
or- 
ness 
the 








1927 


complete business of the organization 
that they have worked for. In other 
words, a superintendent working for a 
firm does not secure the entire picture 
of the job he happens to be running. 
He may figure that the cost of laying 
slab for a particular day is reflected in 
the labor cost on that day, plus the ma- 
terial entering into the operation for 
that one day, adding a small amount 
for plant and general expense, and 
knowing what the bid price is, the dif- 
ference, in his judgment, is an enor- 
mous profit. He does not take into 
account the loss that deevlops on the 
job during rainy days, the cost of set- 
up, the shrinkage in materials in the 
mixed concrete, the wastage of mate- 
rials, the overruns to be absorbed, the 
cost of carrying overhead during sea- 
sons when no progress is made, invest- 
ment in plant, and credit involved to 
carry on the project, obsolescence of 
equipment, cost in figuring new work, 
and many other items of expense that 
an experienced contractor himself 
hardly realizes until the end of the year 
is at hand and the books close in the 
“red.” 


The Standard Questionnaires.—One 
of the things that is going to help in 
a large measure to prevent acceptance 
of ridiculously low bids is the continued 
effort to broadcast and secure the use 
of the standard questionnaires on which 
our friend, S. M. Williams of the Auto- 
car Sales & Service Co., has spent much 
of his time and effort—all as a matter 
of personal service to the contractor. 


For your information, the question- 
naires have now been approved by the 
American Association of State High- 
way Officials, and adopted by at least 
60 per cent of the state highway de- 
partments; by the National Surety As- 
sociation, and adopted by a number of 
the large companies; by the National 
Association of Credit Men, for use of 
their home and affiliated organizations 
throughout the country; by the Ameri- 
can Bankers’ Association, through their 
clearing house section, and 3,500 copies 
are being distributed to the banks 
throughout the country, with letters 
from the president of the clearing 
house section calling attention to the 
importance of the forms, and urging 
their use by the banks in the determin- 
ing of credit for the contractor. 


I am of the opinion that if the con- 
tractors, regardless of their experience, 
would make a real effort to get accu- 
rate and intelligent costs of doing busi- 
ness in the highway game and in- 
telligently bid the costs as reflected in 
actual performances plus a fair margin 
of profit and contingency, the chief 
causes for low bidding would be re- 
moved. 





$30,060,000 of Road Bonds for New 
Jersey—The Governor of New Jersey 
has signed the bill providing for a $30,- 
000,000 bond issue as part of the new 
state highway financing program. 
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Keeping Roads Open 
for Winter Traffic 


General Resume of the Snow Re- 
moval Situation Given in 


Radio Address 
By PROF. S. S. STERNBERG 


Assistant Director, Highway Research Board, 


National Research Council 


One of the recent developments in the 
service rendered by state highway de- 
partments in the snow area is keeping 
their roads open for traffic throughout 
the winter months. The funds invested 
in our highway systems are so large, 
and the commercial, educational and so- 
cial activities that are dependent upon 
highway transportation are so great, as 
to require that there be rendered to the 
people of each state uninterrupted high- 
way service very day in the year. 

Thirty-Six States Remove Snow From 
Rural Roads.—Confined until recently 
to a few states and to a few main 
routes, snow removal has now become 
general practice. A recent comprehen- 
sive survey made by the United States 
Bureau of Public Roads has shown that 
36 states find it necessary to remove 
snow from their rural highways and 
that last winter they kept 93,000 miles 
of road clear of snow. This was an 
increase of 50 per cent in mileage over 
the preceding winter. During the past 
season, it was planned to keep open an 
even greater mileage in order to pre- 
vent the inconvenience and economic 
loss occasioned by blockaded roads. 

In order properly to plan a snow- 
removal program, it is necessary for 
the highway engineer to make a careful 
study of snowfall statistics available 
for his area, as well as other climatic 
factors which affect snow removal, such 
as temperature, velocity and direction 
of the wind, and the distribution, fre- 
quency and intensity of storms. The 
records of the United States Weather 
Bureau are of great value to the engi- 
neer in studying snow conditions. 

Snowfall Records.—It is interesting 
to learn from these records that no 
state in the Union is entirely free of 
snow. More or less snow falls in all 
portions of the country with the excep- 
tion of southern Florida, the lower ele- 
vations in southwestern Arizona and 
southern California. The heaviest snow- 
fall in the United States occurs on the 
west side of the Sierra Nevada and 
Cascade Ranges in the states of Wash- 
ington, Oregon and California, the av- 
erage annual snowfall in this section 
being 300 in. or 25 ft. At one place in 
California, records over a period of 
years show an average annual snowfall 
of more than 65 ft. East of the Rocky 
Mountains, the regions of , heaviest 
snowfall are the Upper Peninsula of 
Michigan and the Adirondack Moun- 
tains in New York, with an average 
annual snowfall ranging from 10 to 13 
ft. In the central section of the Ap- 
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palachian Mountains, including western 
Maryland and portions of West Vir- 
ginia, 7 to 9 ft. of snow fall annually 
on the average. 


Drifts Cause of Trouble.—If snow 
would lie as it falls, little effort would 
generally be necessary to remove it 
from the traveled way and keep high- 
ways open the year round for the ever- 
increasing traffic. In non-mountainous 
regions, with snow falling rarely to a 
depth greater than 9 in. for an individ- 
ual storm, were it to spread uniformly 
on field and road and remain in that 
condition, the only equipment necessary 
for its removal would be the ordinary 
road grader used in maintenance work, 
or the simply constructed and inexpen- 
sive straight blade plow used with high 
speed trucks. But, unfortunately, snow- 
fall is usually accompanied by high 
winds which blow the light snow crys- 
tals about, and where they encounter 
obstacles along the edge of the highway 
to break the wind current, the snow 
particles are deposited and cause rifts 
to form on the traveled way. 


Hedges near the roadway, tight or 
partially tight fences, standing weeds 
and other vegetation, and in some cases, 
plank guard rails often produce drifting 
on the roadway. Where these obstacles 
are met at a great distance from the 
road, they form beneficial wind barriers 
by collecting the loose snow and pro- 
tecting the traveled way from drifts. 
Among these are field division fences 
sufficiently far from the roadway and 
generally parallel to it, tree stumps, 
shrubs, bushes, standing timber and 
even corn stalks left uncut during the 
winter months. Through forest, or 
shrub or brush country, snow drifting 
does not occur as the trees and brush 
break the wind sweep before it reaches 
the roadbed. 

In northern Michigan, the state is ac- 
quiring the rights-of-way 400 ft. wide 
through wooded land. The trees and 
brush will be left standing when the 
roads are improved to serve as drift 
preventatives, as well as add scenic 
beauty to the highway. 


Methods of Preventing Drifts.—To 
avoid drifting, a study of the road 
where snow piles up is necessarily fol- 
lowed by the removal of all weeds and 
other vegetation from the confines of 
the right-of-way. Tight board fences 
must be removed and replaced with 
wire fence where fences are necessary, 
and cable guard rail installed where the 
plank type is troublesome. As a pre- 
ventive measure against snow drifting, 
a number of highway departments in 
planning new road locations are avoid- 
ing to a large extent shallow cuts in the 
roadway and where possible elevating 
the road grade above the surrounding 
country. 

Where the natural features of the 
road location are such as to make drift- 
ing impossible, the state highway de- 
partments are erecting permanent or 
temporary artificial structures, such as 
snow fences, at a sufficient distance 
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from the roadway to cause the blowing 
snow to be deposited between the fence 
and the road. This method of drift 
prevention is found to be very effective 
and is widely used. Snow fences are 
placed 50 to 150 ft. away from the road 
depending upon the topography of the 
adjacent land. The fence is erected 
parallel to the road or obliquely but 
perpendicular to the wind sweep. Gen- 
erally one line of fence is sufficient but 
in some cases two are installed. Last 
winter more than 1,300 miles of snow 
fence were used by the states located 
in the snow belt. 

In some cases hedges are planted or 
rows of evergreens are set to the wind- 
ward side of the road to act as artificial 
wind barriers with beneficial results. 
In one county in Michigan, snow blocks 
are used for the same purpose. It is 
found that one man can cut the blocks 
and build one-quarter mile of this fence 
a day at a cost of from 3 to 5 ct. a 
running foot. As the snow accumulates 
on the lee side, more blocks are cut and 
the fence is raised. 

Michigan has recently established an 
experimental station for the sole pur- 
pose of finding out all that can be dis- 
covered about snow as it may affect the 
use of the highway. The results of this 
study will be of great value to all the 
other states faced with this important 
problem. 


Snow Removal Methods and Equip- 
ment.—The methods followed and equip- 
ment used in the removal of snow are 
many and varied. They range from a 
strong- armed squad with a trusty 
shovel to the use of the powerfully 
built rotary plow, which, when operated 
in connection with a caterpillar tractor, 
finds no drift too deep for removal. 
The most common types of snow re- 
moval equipment in use are the straight 
blade and the V-shaped plow, each at- 
tached to the front of a truck or trac- 
tor, the type employed depending upon 
the amount of snow to be moved. This 
equipment is used either singly or in 
tandem formation. During the present 
season the state highway departments 
have available for use in snow removal 
more than 3,500 snowplows and 5,000 
tractors and trucks. 


In some states it is customary to 
start snow removal operations as soon 
as the snow has reached a depth of 2 
in. and to carry on for the duration of 
the storm. In other states, this method 
of attack is impossible as snowfall is 
too heavy and would blockade the roads 
soon after clearing and strand the 
equipment. In such states snow re- 
moval is undertaken after the storm has 
passed. 

The cost of snow removal work on 
the 93,000 miles of road in the United 
States cleared last winter by the state 
highway departments was $3,750,000. 
This is an average cost of $40 per mile, 
which is a very small outlay when we 
consider the many advantages that re- 
sult from open roads in the winter. A 
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blockaded road causes not only a loss 
on the highway investment, but is a 
serious handicap to business and social 
life. It is necessary that the roads be 
kept open for wheeled traffic at all 
times, so that rural mail, school and 
pasenger busses, commercial deliveries, 
physicians and fire engine may have 
uninterrupted use of the highway. With 
snow removal, dwellings are no longer 
snowed in for the winter, nor do motor 
vehicles need to be stored for several 
months of the year. 


Snow Removal Saves Maintenance.— 
The expense of snow removal is consid- 
ered well justified by the saving in 
spring road maintenance. Studies made 
in some states demonstrate that the 
additional gas tax received from motor 
cars and trucks used during the winter 
months more than paid the cost of snow 
removal. An advantage from the stand- 
point of the highway departments is 
that with snow removal there is now 
year-round employment for highway 
maintenance organizations and equip- 
ment. 

In Maryland, with an average annual 
snowfall ranging from 14 in. minimum 
to 70 in. maximum, it became apparent 
to the State Roads Commission that 
highways to render the maximum serv- 
ice to the greatest number of people 
must be made usable every day in the 
year. They were not efficient as long 
as they were only seasonal roads. After 
considerable experimenting, Maryland 
found that the great amount of snow 
and hail that was allowed to remain 
did much damage to the roads. It was 
further shown that the cost of remov- 
ing the snow, at least on the main lines, 
would entirely offset the cost of repairs 
to the surface in the spring. Therefore, 
in the winter of 1920-21, 500 miles of 
road were kept open and free of snow. 
This experiment was so successful that 
during the next winter the snow equip- 
ment, including both snow plows and 
drift fences, was doubled, and has since 
been steadily increased and improved 
until during last winter the entire road 
system of 2,500 miles was kept clear 
of snow and open to traffic every day. 


Clearing snow is a very arduous task 
and requires the greatest amount of 
hardihood in the crews actually engaged 
in the work, combined with the best 
team work and concentration of effort. 
These men are called to work at any 
time during the day or night and often 
for long hours at a stretch. The colder 
the day or night or the more violent 
the storm, the more urgent the need for 
their services. Much credit is due these 
members of the state highway forces 
for the heroic part they play in keeping 
the roads open during the winter 
months and thereby enabling the wheels 
of progress to turn throughout the year. 


Standard Signs.—Standardization of 
street, sign, and signal markings was 
one of the chief problems discussed at 
the recent annual convention of the 
American Engineering Council. The 
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committee on street and highway safety 
is working on the problem of drafting 
a system of markings, which the coun- 
cil will seek to introduce throughout the 
country. The work is in line with rec- 
ommendations of Secretary Hoover’s 
Safety Conference and is expected to be 
an important step in the campaign to 
reduce the dangers of highway travel. 
The council hopes to devise a system 
that will make all street and highway 
markings intelligible at a glance to mo- 
torists from all parts of the country, 
and to eliminate many of the unneces- 
sary markings now found on the roads, 





Organization U. S. Bureau of 


Public Roads 


Some interesting information on this 
organization of the Bureau of Public 
Roads is given in the recent annual 
report of Thos. H. MacDonald, chief of 
the Bureau. 

“The organization of the highway 
force of the Bureau of Public Roads 
which is responsible for the work re- 
ported upon in this report consists of 
a headquarters staff of eight divisions 
under the chief of bureau in the Wash- 
ington office. Three of these, the divi- 
sion of design, construction and bridges, 
constitute the staff which under the 
chief engineer and chief of bureau are 
responsible for the conduct of the Fed- 
eral aid and forest road work. The 
division of control is responsible for all 
accounting, for statistics and records, 
and for investigations dealing with the 
economy and efficiency of road construc- 
tion. The division of tests and research 
carries on all physical researches and 
makes routine tests of high materials. 
The division of highway transportation 
and economics conducts research along 
economic lines with particular reference 
to the economics of highway transpor- 
tation. In addition there are the legal 
and editorial divisions performing obvi- 
ous functions. 

“In addition to this headquarters staff 
there is a field force through which 
direct contact is maintained with the 
several states in all matters relating to 
the Federal aid and forest road work. 
This force is headed by 11 district en- 
gineers with offices in Troy, N. Y.; 
Washington, D. C.; Montgomery, Ala; 
Chicago, Ill.; St. Paul, Minn.; Omaha, 
Nebr.; Fort Worth, Tex.; Denver, Colo.; 
Ogden, Utah; Portland, Ore.; and San 
Francisco, Calif. The eight eastern dis- 
tricts report directly to the chief engi- 
neer at Washington; those with 
headquarters in Denver, Portland and 
San Francisco, report to the deputy 
chief engineer, whose headquarters are 
in San Francisco, and through him to 
the Washington office.” 





1,111 Attended Wisconsin Road 
School.—The 1927 Road School of the 
Wisconsin Highway Commission had 4 
total registration of 1,111 which broke 
all previous attendance records. 
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Performance of 
Contract 


Essential Details of Highway Con- 
tracts Outlined in Paper at 1927 
Highway Conference, Uni- 
versity of Michigan 


By M. DE GLOPPER 


Assistant Construction Engineer, Michigan 
State Highway Department 


The subject of Contracts and Con- 
tract Performance, including their 
preparation in such a manner that the 
subsequent accomplishment of the re- 
quirements may be realized with 
mutual satisfaction, is one primarily 
dealing with the rights of man 
among his fellowmen. To assume con- 
tract liabilities it is required that the 
several parties shall observe certain 
formalities and that these formalities 
and their intentions be made a matter 
of record in order that interpretation 
may later be resorted to upon the 
basis of fact. That we may better 
understand the importance of the 
essential details of highway contracts 
it is advisable, in fact quite necessary, 
for us to acquire a general knowledge 
of the common business rights of man 
in order that our respective obliga- 
tions and benefits may be defined and 
safeguarded. 

Few Court Disputs on Highway 
Contracts.—The comparative absence 
of disputes in the courts in connection 
with the performance of highway con- 
tracts is a sufficient and gratifying 
testimonial to the high standard of 
our present contract practice as well 
as indicating the proper relationship 
of mutual understanding between the 
contracting parties which has resulted 
from the efforts of co-operation and 
a willingness to exercise fair dealing 
between men in the performance of 
their work. This satisfactory condi- 
tion has come about through the in- 
creasing tendency of each party to 
look at the several parts of a contract 
through the eyes of his co-contractor 
as well as through his own and this 
desirable action has materially re- 
sulted in eliminating the mist of mis- 
understanding which enveloped early 
contract operations. It is now gener- 
ally understood that no rights can ex- 
ist without a corresponding obligation 
and duty and with this knowledge 
comes a realization that somewhere 
along the line each person must pay 
for what he receives. In other words, 
the law dictates the principle that no 
man can expect something for noth- 
ing. 

Commonsense of Everyday Usage. 
—The entire subject of contracts and 
Specifications is one of comparative 
simplicity providing the mind is kept 
open to honest consideration and the 
desire for understanding. The confu- 
sion that prevails to some extent 
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through the belief that a man’s rights 
are delegated by and through the law 
in a manner and measure different 
from that practiced in our every day 
business and social intercourse should 
be dispelled from the mind seeking en- 
lightenment. This confusion is the 
result, perhaps, of the necessary in- 
trenchment behind legal terms in order 
to maintain regularity and prevent 
contradiction in meaning. A genuine 
understanding of the terms of the con- 
tract will, however, dispel all fear of 
the law and the legal phraseology 
commonly used may then be _ inter- 
preted into the common sense of every 
day usage. We cannot nor need not, 
transpose the mind of the lawyer to 
that of the engineer, neither should 
we ever attempt to divorce the assist- 
ance of legal counsel. In the final 
analysis, however, we finda that real 
intent and mutuality are the dominat- 
ing influences behind a valid contract 
and these conditions can only be met 
by a realization and admission that 
every man has certain inherent rights 
in every day life and bargaining which 
must be respected through the appli- 
cation of the principles of common 
sense. In the absence of these prin- 
ciples and influences in the minds of 
the contracting parties no lawyer 
could or would attempt to establish or 
reduce to writing a statement or con- 
tractual conditions worthy of the name 
of a contract. 


What the Contract Is.—In _ sub- 
stance, the contract itself consists of 
three parts. The covenant, or legal 
part, which is usually prepared by 
legal counsel, covers a statement of 
the facts that fer a certain considera- 
tion a certain piece of work will be 
performed in accordance with the rules 
set forth for such performance. The 
second part, covering the _ specifica- 
tions, is a detailed explanation of the 
general governing provisions, the pur- 
pose of which is to denote what is de- 
sired on the part of the owner, how 
the work is to be controlled and what 
the relations of the parties shall be 
toward each other and toward the pub- 
lic. The third part, supplementary to 
the specifications, is the detailed plan 
of the work to be performed in which 
the requirements of work items is pre- 
sumed to be as complete as is possible 
from all the possible source of avail- 
able information. 


By definition the contract is an 
agreement of mutual understanding 
entered into between two or more 
competent parties covering the full ac- 
ceptance of a legal offer for a proper 
consideration. This implies the satis- 
faction of the four essential features 
which must be found in every con- 
tract, namely, (1) Competency of the 
parties, (2) Legality of the subject 
matter referring to the nature of the 
work to be performed, (3) Proper con- 
sideration in return for the perform- 
ance of the work, and (4) Mutuality 
of understanding and intention. The 
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first two conditions or _ essentials, 
competency and legal subject matter, 
need no further explanation as these 
matters are of common knowledge in 
the particular work in which we are 
interested. Likewise, the condition of 
consideration is one in which there is 
little or no disparity in as much as 
the amount of money to be paid for 
the work is a point of common un- 
derstanding and is based upon the 
willing and full acceptance of the 
offer under consideration. The per- 
fection of this essential does, how- 
ever, demand the exercising of com- 
pleteness in the statement of condi- 
tions which it is anticipated will be 
encountered and require that no in- 
formation be withheld which is known 
to the one party and should be made 
available to the other. With this con- 
dition satisfied it is only necessary for 
us to know that the consideration 
agreed upon is a proper one and the 
question of adequacy is one only for 
local determination in connection with 
public policy providing of course that 
it comes within the bounds of re.son 
and is reasonably equivalent to or 
commensurate with the obligation as- 
sumed. The only question which 
might arise as to the third essential 
is in its relation to the fourth and 
most important requirement, namely, 
the mutuality and intention of the 
contracting parties. This implies the 
necessity of a genuine agreement or 
the concurring of the minds in the 
same opinion, purpose or understand- 
ing. 


Basic Principle of Contract Law.— 
Here we face the fundamental and 
basic principle of contract law. The 
other conditions refer to people or 
material factors but in mutuality we 
are concerned with the mind of man 
and the analysis is more difficult. It 
is impossible to enter into a person’s 
thoughts to ascertain what he is think- 
ing of, or how fully he comprehends 
what he is doing or what he intends 
to do. Direct proof being therefore 
impossible, how can we approach the 
fulfillment of this condition? How 
can we answer the question as to 
whether there was a proper relation- 
ship of mutuality, a real meeting of 
the minds? The only possible way to 
meet this condition, it seems, is 
through and by careful and honest 
preparation of the contract in all its 
parts. If the interested parties were 
able to place the proper reliance in 
each other as to integrity, understand- 
ing and intention, with a feeling that 
the agreement could be carried out 
without violation, there would be less 
necessity for a knowledge of the legal 
requirements and perhaps the éx- 
pressed contract could be dispensed 
with entirely. But the magnitude of 
the conditions effecting the perform- 
ance became more complex because of 
the commercial nature of our work 
and for that reason the need of a 
written record of our desires and in- 
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tentions becomes necessary in order 
that the assent of both parties may 
be definite, unconditional and unqual- 
ified. 


The Purpose of the Contract.—The 
purpose then of the contract, and 
more particularly the section covering 


the specifications, is to provide a 
means of recording what the inten- 
tion was or reasonably should have 


been at the time the contract was 
made and signed. The rights of the 
parties are thus established not alone 
as a declaration of the understanding 
and intention existing before the work 
was started but as a record to form 
the basis of settlement of disputable 
conditions arising during the perform- 
ance of the contract. The importance 
of this feature of highway procedure 
and administration must appeal to you 
as being worthy of careful thought 
and attention. The schedule of work 
items must be complete as far as it is 
possible to make it so and should 
cover such items as may reasonably be 
expected to be encountered during 
construction; the specific clauses, ex- 
planatory of these items, should be 
thorough and conclusive as to require- 
ments; the full and complete relation- 
ships of the parties should be estab- 
lished beyond question and with fair- 
ness; and the procedure should be de- 
fined with respect to the settlement 
of any controversies which might arise 
affecting the status of the agreement 
or conflicting with the condition of the 
real intent of the parties. 


Clarity Necessary.—In order to 
achieve this result the observance of 
a few elementary and common sense 
rules will serve to relieve the uncer- 
tainty as to mutuality and the conse- 
quent intention of the parties. Of 
first importance is the necessity of 
clarity. What is worth specifying is 
worth inserting in such a manner that 
any person of the average intelligence 
may readily understand the intent and 
purpose and may be in a position to 
give full assent of accord. If clarity 
requires the sacrifice of brevity then 
there should be no hesitation in mak- 
ing the sacrifice. It is true that a 
volume could be written on any one 
of the many specification clauses but 
the rules of common need and under- 
standing do not demand this. It is 
sufficient when the requirements have 
been so expressed with conciseness 
that there can be no reasonable doubt 
as to its meaning. Nothing should be 
left to guess at. In the early days a 
contractor’s definition of a _ specifica- 
tion intimated that it was a set of 
rules for the contractor’s use in guess- 
ing at the engineer’s meaning. This 
condition has been eliminated and with 
it has gone practically all of the lack 
of mutuality. The omission of am- 
biguous, inconsistent and contradictory 
clauses especially in such instances 
where repetition is necessary; the cor- 
relation and grouping of the clauses 
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unuer une proper headings so that the 
intent is conclusively and unquestion- 
ably shown as to which clause is in- 
tended to cover any specific item; and 
through it all the display of thorough- 
ness in properly treating all the re- 
quirements in their entirety without 
carelessness of expression or ignorance 
of the facts, these conditions will 
make possible the assurance of satis- 
factory performance during construc- 
tion without expectation or need of 
charity or sacrifice to either party. In 
this way, and in this way only can 
intention be stated potently so that it 
will be effective. Comprehensiveness 
will come with completeness and the 
willingness to share obligation along 
with benefits will result favorably in 
the success of the contractual rela- 
tions. 


The burden of performance is on 
both sides. There is just as much of 
an obligation on the part of the con- 
tractor to inquire into these factors 
and to familiarize himself with the 
conditions as there is on the part of 
the contract writer to make his every 
want known and_ understandable. 
There must be a_ perfect balance 
throughout the agreement of equity, 
risk, benefit and satisfaction. There 
is no discharge of responsibility until 
the consummation of the contract and 
until that period has been reached the 
spirit of co-operation must permeate 
every thought, plan and action in the 
interest of completing the job with 
mutual satisfaction and in accordance 
with the real intent. 


The Matter of Contract Time. — 
There are two other interesting phases 
of contracts which are essential re- 
quisites. The matter of time imposes 
a condition upon the contractor which 
is second in importance only to the 
nature of the project itself. It has 
been often said that time is the 
essence of the agreement, meaning that 
is the idea of the action and the law or 
the constitution of its being. Without 
the imposition of the time element the 
quality of the contract is lost. It satis- 
fies the condition that we not alone 
want the thing itself but that we want 
it when we want it. In order to achieve 
this result we resort to the use of 
progress schedules in order that a com- 
parative check may be had upon the 
speed with which the performance is 
being accomplished. In this matter we 
must also adopt the policy of firmness 
in the face of incapacity and of com- 
promise against the presence of un- 
avoidable delays. In this connection we 
again meet the need of co-operation as 
well as of insistence that our desires be 
respected. 


The Surety Requirements.—The re- 
maining feature of interest pertains to 
the surety requirements in which the 
bondsman gambles that the contractor 
will complete the work faithfully and 
in accordance with the terms of the 
contract. The surety then becomes 
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the indirect third party inasmuch as 
the agreement of indemnity is a con- 
tract collateral to the original con- 
struction contract itself. As it is not 
the purpose of this discussion to enter 
into the direct violative aspect of 
contracts the relationship existing be- 
tween the parties will not be consid- 
ered at this time. It will be sufficient 
to state that the surety obligation 
imposes the requirement of exercising 
due caution in the alteration of agree- 
ments affecting the status of the bond 
itself. As it is a protective instru- 
ment all care should be taken to safe- 
guard our expressed rights in order 
that this protection will become real in 
case of default or breach of contract. 
In conclusion it might be stated that 
our portion of the obligations in con- 
nection with the matter of contracts 
is clearly defined and through strict 
observance of the essentials outlined 
we may do much toward the satisfac- 
tion of successful performance. It 
then remains for the co-contractor to 
do his part in an honest and co-oper- 
ative spirit. This net result will be 
better work, a more agreeable progress 
record, lower costs and finally a 
mutual benefit to all concerned. 





Expansion and Contraction 
of Concrete 


Interesting data quoted in Concrete and Con- 
structional Engineering. 

A microscopic examination of con- 
crete under contraction reveals cracks 
about 0.01 mm. in width followed by 
cracks of a magnitude of about 0.04 
mm. which are visible to the naked eye. 

An ordinary 1 to 5 concrete, with a 
strength of 2,500 lb. per sq. in. at 28 
days, shows the microscopic cracks with 
0.1 per cent expansion. Cracks visible 
to the naked eye appear in plain con- 
crete when the expansion is 0.14 per 
cent, and in reinforced concrete at the 
higher value of 0.18 per cent. 

Recent experiments, described in “Ze- 
ment,” proved that the cracks appear 
at_a much earlier stage than was for- 
merly suspected. 

The question of how to prevent 
cracks due to hardening is of great im- 
portance in the construction of concrete 
roads, tanks, and long slabs. It has 
been found that the alternation of wet 
and dry weather is responsible for 
changes in length of the magnitude of 
about 0.3 to 0.4 per cent. It is essen- 
tial to keep the concrete damp while 
the hardening process is taking place. 
Concrete maintained damp exhibited a 
contraction of only 0.08 per cent, com- 
pared with 0.32 per cent for concrete 
which was allowed to dry. 





Canada to Spend $35,000,000.—Can- 
ada will probably spend $35,000,000 on 
highways during 1927, according to 4 
statement made at the American Road 
Builders’ convention in Chicago, by 
Wilfred Lefebure, of the Dominion 
Highway Department. 
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Recent Developments in Highway Research 


The More Important Recent Developments Reviewed in a Paper Presented at 24th Annual 
Convention of American Road Builders’ Association 


Acting 

Research, as applied to - highway 
problems, has developed, almost within 
the last decade, from a minor position 
to one of recognized importance. The 
reasons for this are obvious and have 
been stated so frequently that they 
need no repetition here. 

The selection of that type of con- 
struction which, for the particular con- 
ditions involved, will result in the most 
efficient utilization of available funds 
and materials, requires the proper eval- 
ulation of numerous variables, many 
of which are at present unknown quan- 
tities. The pressing need for accurate 
data as a basis for the scientific eval- 
ulation of these variables is receiving 
ever increasing recognition, with the re- 
sult that research programs are now 
being prosecuted by numerous agencies 
and the aggregate number of research 
projects under way is_ surprisingly 
large. 

With so many investigators in the 
field, releases of valuable data are of 
frequent occurrence and it is impossi- 
ble to review here all of the many 
recent developments of importance. 
Rather it is the intention to present a 
brief summary of the significant re- 
sults developed by a few of the re- 
searches in which the U. S. Bureau 
of Public Roads has been concerned. 


Motor Truck Impact.—A primary 
requisite for the design and mainte- 
nance of highway structures is an accu- 
rate knowledge of the destructive forces 
to which they may be subjected. At 
the present time the motor truck is 
recognized as one of the more impor- 
tant of these destructive agencies. For 
a number of years the Bureau of Pub- 
lie Roads has been concerned in a series 
of investigations which have had for 
their object the determination of ¢he 
impact forces delivered to road sur- 
faces and bridge structures by motor 
trucks, the factors influencing the mag- 
nitude of these forces, and the effect of 
these forces on the structures involved. 

One series of tests, conducted co-op- 
eratively by the Bureau of Public Roads, 
the Society of Automotive Engineers 
and the Rubber Association of Amer- 
lea, was undertaken to determine the 
in the cushioning qualities of the tires, 
speed of vehicles, roughness of the road 
Surface and certain other variables, on 
motor truck impact. The investiga- 
tonal program has not been completed 
= some of the results are now avail- 
able.’ 


*Motor Truck Impact as Affected by Tires, 
Other Truck Factors and Road Roughness, by 
J. A. Buchanan and J. W. Reid, Public Roads, 
Vol. 7, No. 4, July, 1926. 


By E. F. KELLEY 


Chief Division of Tests, Bureau of Public Roads 


The impact road reaction depends on 
the four major variables—wheel load, 
truck speed, tire equipment and road 
roughness. Other variables exert some 
influence but, in general, these four are 
the important ones. An increase in 
load, speed, or roughness, or a decrease 
in the cushioning qualities of the tires, 
results in increased impact reactions. 

Two Component Forces.—The force 
of the blow which a truck wheel deliv- 
ers to a road surface is made up of 
two component forces. One of these 
is due to the acceleration or decelera- 
tion of the unsprung truck weight 
(that is, the weight of the parts below 
and not supported by the truck spring), 
and the other is due to the spring pres- 
sure on the axle at the instant of 
impact. 
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For normal operating conditions the 
unsprung component is the major quan- 
tity and this is especially so in the case 
of solid tire equipment. Many of the 
tests with solid tires showed the un- 
sprung component to be as much as 
90 per cent of the total reaction at 
ordinary operating speeds. (Fig. 1.) 
From this it may be inferred that 
cushioning devices above the truck 
springs should have relatively little ef- 
fect on the road reaction, although the 
riding qualities may be appreciably af- 
fected thereby. 

The magnitude of the impact force is 
dependent upon the type and condition 
of the tire. Worn out solid, new solid, 
new cushion and pneumatic tires, in the 
order named, produce impacts of de- 
creasing magnitude. For instance, un- 
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der certain test conditions in which 
2-ton trucks were operated over arti- 
ficial obstructions at a speed of 12 miles 
per hour, the measured impact reac- 
tions, expressed as percentages of the 
static load, were as follows: Worn out 
solid tires, 680 per cent; new solid tires, 
270 per cent; new cushion tires, 240 
per cent; pneumatic tires, 140 per cent. 
(Fig. 2.) 

Thick Tire Rubber Reduces Impact.— 
Increasing the thickness of the tire rub- 
ber has been shown to have a marked 
effect in reducing impact. An appre- 
ciable variation in the cross-sectional 
rubber, or breaks in its continuity, re- 
sult in heavy and repeated impacts and 
this leads to the recommendation that 
dual tires be mounted with the tread 
designs staggered. 

For the conditions under which these 
tests were conducted maximum impact 
reactions occurred at critical speeds of 
between 12 and 15 miles per hour. 

It will be of interest to those who 
are accustomed to think of impact as a 
percentage of the static load to note 
that, while the impact force increases 
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Fig. 2—Effect of Height of Obstruction and Type 

of Tire on Vertical Impact Reaction. Tests with 

2-Ton Truck Equipped with Rated-Size Dual 

Tires, Loaded to Tire Capacity and Operated at 
a Speed of 12 Miles Per Hour 


with increase in the wheel load, the 
percentage of impact, or the ratio of 
impact to static load, actually decreases. 
This may be attributed largely to the 
major effect of the unsprung weight, 
already mentioned, and the fact that 
the ratio of unsprung to total weight 
decreases with increasing gross loads. 

Study of Road Roughness.—One of 
the most interesting phases of this in- 
vestigation has been the preliminary 
study of the effect of road roughness. 
Test trucks were operated on two pave- 
ments having a marked difference in 
surface roughness and the results show 
that poor tire equipment may be excep- 
tionally severe even on a smooth road, 
while good tire equipment considerably 
reduces the impact effect on a rough 
road. For instance, for a certain test 
condition in which 2-ton trucks loaded 
to rated tire capacity were operated at 
a speed of 12 miles per hour, the impact 
reaction which occurred on an average 
of once in every 10 ft. of road length 
showed the following relationship: On 
the smooth road this reaction exceeded 
the static load by 5 per cent for pneu- 
matic tires and 45 per cent for worn out 
solid tires; on the rough road the excess 
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over the static load was 40 per cent for 
pneumatic tires and 270 per cent for 
worn out solid tires. (Figs. 3 and 4.) 
The advantage of smooth pavements, 
aside from considerations of riding 
qualities, is thus emphasized. 

To provide data which may serve as 
a basis for design and for the intelli- 
gent drafting of motor vehicle regula- 
tions, this portion of the investigation 
has been extended to determine the im- 
pacts which variations in load, speed 
and tire equipment may be expected to 
produce on pavements of various types 
and degrees of roughness. 

Another interesting phase of the im- 
pact investigation was the comparison 
of the reactions produced by 4 and 
6-wheel trucks. This indicated that the 
unsprung components of the impacts 
produced by a 6-wheel truck are ap- 
proximately one-half those produced by 
a 4-wheel truck carrying the same load. 
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limitation of loads on existing pave- 
ments to those which they can support 
with safety requires a knowledge of the 
stresses produced in road surfaces by 
impact forces. Considerable information 
along this line has already been devel- 
oped, *, *, °, °, but much still remains to 
be done. 

In a previous investigation’ of the 
stresses due to impact in concrete pave- 
ments it was noted that unusually high 
unit stresses were developed. At elas- 
tic failure of the concrete under im- 
pact loads, tensile stresses were record- 
ed which were at least twice as great 
as would ordinarily be expected to pro- 
duce failure under static load. These 
results seemed to indicate that it might 
be permissible to use higher unit 
stresses in designing for impact forces 
than would be safe for static loads. 

Stress Information Is Important.— 
The importance of securing conclusive 
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Fig. 3.—Influence of Tires on Vertical Impact Reactions on Rough Stone Block Road 


(Fig. 5.) These results are a corrob- 
oration of previous tests’ pavement by 
a 6-wheel truck are approximately one- 
half as great as those produced by a 
4-wheel truck carrying the same which 
showed that the resultant stresses pro- 
duced in a concrete load. The signifi- 
cance of these results lies in their indi- 
cation that vehicle development may 
make possible the truck transport of 
greatly increased gross weights without 
a corresponding increase in the destruc- 
tive effect on pavements. 

Load Limitation Requires Knowledge. 
—The development of the data which 
will permit us to forecast with some 
accuracy the impact forces which may 
be developed under certain conditions 
does not, of itself, afford a solution of 
the whole problem since our primary 
object is scientific pavement design. 
The design of new construction and the 


The Six Wheel Truck and the Pavement, by 
> bas - pe Public Roads, Vol. 6, No. 8, Octo- 
r, 25. 


evidence on this question will be recog- 
nized and such evidence has been made 
available’ in the results of a co-opera- 
tive investigation by Johns Hopkins 
University and the Bureau of Public 
Roads. These tests, while corroborat- 
ing the results of the earlier investi- 
gation, have shown conclusively that 
higher unit stresses than would be used 
for static load design may not be used 
with safety in designing for impact 
loads. 

Concrete beams subjected to static 





8Highway Research in Illinois, by Clifford 
Older. Transactions American Society of Civil 
Engineers, Vol. LXXXVII, 1924. 

‘Tests of Impact on Pavements by the Bureau 
of Public Roads, by C. A. Hogentogler, Public 
Roads, Vol 4, Nos. 6 and 7, October and Novem- 
ber, 1921. 

‘Impact Tests on Concrete Pavement Slabs, by 
L. W. Teller, Public Roads, Vol. 5, No. 2 
April, 1924. 

“Report of Highway Research 
California, 1921 and 1922. 

™Static and Impact Strains in Concrete, by 
J. T. Thompson, Public Roads, Vol. 7, No. 5 
July, 1926. 
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load showed a considerable lower modu- 
lus of rupture than exactly similar 
beams subjected to successive impacts 
of increasing magnitude when each of 
these impacts was applied but once. Un- 
der these conditions the beams were 
capable of withstanding greater elastic 
deformation under impact than they 
were under static load. 

However, when the beams were sub- 
jected to repeated applications of im- 
pacts of the same magnitude, it was 
found that the greatest impacts which 
they could withstand without failure 
were those which produced a tensile 
stress equal to about 55 per cent of the 
static modulus of rupture. Other in- 
vestigations of the fatigue limit under 
static load* have shown that concrete 
may be safely subjected an indefinite 
number of times to a stress equal to 
about 55 per cent of its ultimate 
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impact allowance for which provision 
should be made in the design of high- 
way bridges has been the subject of 
lively discussion among bridge engi- 
neers. No scientific data, applicable to 
modern loadings, has been available 
and of all the impact formulas which 
have been developed and used, none has 
been founded upon a more logical basis 
than the personal opinion of its author. 

The bridge impact investigation was 
undertaken to throw some light on this 
question, and, though still far from 
complete, it has demonstrated conclu- 
sively that impact stresses of consid- 
erable intensity are produced in bridge 
structures by the passage of motor 
trucks. As in the case of the motor 
truck impact tests previously discussed, 
this investigation has shown that the 
impact increment of stress is due very 
largely to the unsprung weight of the 
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Fig. 4.—Influence of Tires on Vertical Impact Reactions on Smooth Concrete Road 


strength. From this it may be consid- 
ered that the behavior of concrete, when 
considered from the standpoint of 
fatigue limit, is very similar under 
both impact and static forces. 


Investigation of Bridge Impact.—The 
discussion of motor truck impact would 
not be complete without reference to 
the investigation of impact in highway 
bridges which for several years has 
been carried on co-operatively by the 
lowa Engineering Experiment Station, 
the Iowa Highway Commission and the 
Bureau of Public Roads.° 

For years the question of the proper 


‘Fatigue of Concrete, by H. F. Clemmer. Proc. 
A, Ss. T. M., Vol. 22, Part II, 1922, p. 415. 

; Fatigue of Concrete, by W. K. Hatt, Proceed- 
ings Fourth Annual Meeting, Highway Research 
— l, National Research Council, December, 

924 

*} eliminary Impact Studies, by Almon H. Ful- 
ler, Bulletin 63, Iowa Engineering Experiment 
Station, 

Experimental Impact Studies on Highway 
Bridges, by Almon H. Fuller and Robert A. 
Caughey, Bulletin 75, Iowa Engineering Experi- 
ment Station. 


truck and, therefore, that the percent- 
age of impact decreases with increases 
in the total truck load. 


Tests Confined to Floor Systems.— 
The tests have been confined largely to 
the floor systems of bridges. Floor 
beams and stringers supporting con- 
crete floors have been shown to be sub- 
ject to an impact increment of from 15 
per cent to 100 per cent of the static 
stress, depending en the condition of 
the floor as regards roughness or ob- 
structions. Even higher percentages of 
impact have been observed in the floor 
systems of timer-floored bridges. 

It may be remarked that there are 
still no data available which may serve 
as a logical basis for an impact formula 
to be applied in the design of truss 
members. 

The importance of the motor truck 
in highway transport is a measure of 
its importance in the highway research 
program. The data yielded by past re- 
searches are very largely qualitative 
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and, to a great extent, we must look 
to the future for the quantitative re- 
sults which are so necessary. The un- 
solved problem of major importance is 
the accurate co-ordination of the truck 
and the pavement. 

Investigation of Thin Paving Brick. 
—The increase, during the past few 
years, in shipments of paving brick of 
less than 8 in. in thickness has re- 
flected the growing opinion among en- 
gineers that the thinner brick may be 
adequate for pavement construction. 
The statistics submitted to the Perma- 
nent Committee on Paving Brick Sim- 
plification of the Department of 
Commerce show that the shipments of 
2%-in. plain wire-cut brick amounted 
in 1923 to 2.7 per cent, in 1924 to 4.4 
per cent, and in 1925 to 8.9 per cent 
of the total shipments of vitrified pav- 
ing brick. In 1925 the shipments of 
two of the four sizes recognized as 
standard fell below those of 2%-in. 
brick. 

In order to secure a measure of the 
comparative value of paving brick of 
various depths, particularly those 3 in. 
or less in depth, the Bureau of Public 
Roads has conducted an extensive in- 
vestigation, the results of which have 
been reported recently.” 

The investigation included an accel- 
erated traffic test on brick wearing sur- 
faces of varying thicknesses, supple- 
mented by a field survey of several 
million square yards of thin brick pave- 
ments which had been in use a suffi- 
cient length of time to demonstrate 
their serviceability. 

The Accelerated Traffic Test.—In the 
accelerated traffic test it was desired to 
eliminate all variables due to base con- 
struction and to test the brick as a 
wearing surface on an adequate foun- 
dation. For this purpose there was 
available a reinforced concrete circular 
track 6 in. thick, 13 ft. wide and about 
1/10 mile in circumference, which had 
been used in previous tests. On this 
base were laid the ten test sections, 
which included five thicknesses of brick 
(2, 2%, 3, 3% and 4 in.) and two types 
of bedding course (plain sand cement- 
sand). The joints in the brick surface 
were filled with asphalt. These pave- 
ment sections were subjected to an ac- 
celerated traffic test of 62,200 passages 
of loaded motor trucks, the loads on 
these trucks ranging from 3 to 7% 
tons. A total of approximately 630,000 
tons of truck traffic was applied to each 
section during the period of the test 
and of this approximately one-third 
was carried on trucks equipped with 
heavy tire chains. All of this traffic 
was concentrated in two 30-in. lanes 
or wheel paths. Based on traffic sur- 
veys, it is estimated that this acceler- 
ated traffic was equivalent to the aver- 
age traffic of 3 to 7%-ton trucks on 
the highway system of Cook County, 
Illinois, during a period of 18 years. 
The behavior of the test sections was 

“Thin Brick Pavements Studied, by L. W. 


Teller and J. T. Pauls, Public Roads, Vol. 7, 
No. 7, September, 1926. 
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compared largely on the basis of the 
number of brick broken during the 
progress of the test. It should be un- 
derstood, however, that while transverse 
breakage was taken as a criterion of 
service, this breakage did not materially 
affect the actual serviceability of the 
test sections. The results of the ac- 
celerated test are shown graphically in 
Fig. 6. 

Conclusions from the Test.—The 
most important conclusion derived from 
this investigation is that 2'%-in. brick 
of the quality used in the tests, when 
supported by an adequate base, are 
satisfactory for pavements carrying 
heavy traffic. Also that 2-in. brick of 
similar quality and properly supported 
are adequaté for pavements carrying 
the lighter types of traffic. 

The resistance to breakage of the 
2%-in. brick was remarkable and, for 
the particular conditions of this test, 
was only slightly less than that of the 
thicker brick. In the 30-in. wheel strips 
which carried the traffic loads, only fif- 
teen bricks were broken in the sections 
of 2%-in. brick. One brick was broken 
in the 3-in. sections, six in the 3%-in. 
sections, and three in the 4-in. sections. 
Three hundred ninety-eight bricks were 
broken in the 2-in. sections. 

The Bates road test in Illinois* and 
previous investigations by the Bureau 
of Public Roads* have shown that bitu- 
minous-filled brick tops cannot be ex- 
pected to add materially to the beam 
strengths of pavement bases. This 
seems obvious, since a flexible wear- 
ing surface which has no bond with 
the base can scarcely be expected to 
add to its structural strength. There- 
fore, it has been concluded that the base 
should be as heavy for one thickness of 
brick as for another. The field survey 
has shown that, in practice, changes in 
base thickness are seldom made to com- 
pensate for changes in brick thickness. 





Must Adapt Base to Load.—The ac- 
celerated traffic test was designed to 
test the brick as a wearing surface and 
the foundation was more than adequate 
for the loads to which it was subjected. 
It is emphasized that if failures of brick 
pavements are to be avoided the base 
course must be designed to carry the 
loads. The base must be stable in it- 
self, regardless of the thickness of the 
brick surface. 

The accelerated test showed very defi- 
nitely that the plain sand bedding 
course is superior to the cement-sand 
bedding. In the 2-in. brick sections 
the breakage which occurred on the 
plain-sand bed was less than one-half 
that which occurred on the cement- 
sand bed. 

Cobbling or rounding of the edges of 
individual brick was shown to be due 
almost entirely to the use of non-skid 
tire chains. The amount of cobbling 
under chain-tired traffic was found to 
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be directly affected by the distance be- 
tween bricks, wide joints causine 
marked increase in the rounding of te 
edges. From this it is concluded that 
the spacing between bricks should be 
the minimum consistent with proper 
penetration of the bituminous filler. 

Importance of Bedding Course.—As a 
result of the field survey it may be 
pointed out that the maintenance of a 
smooth-riding brick surface is largely 
dependent on a bedding course of uni- 
form thickness and uniform compac- 
tion. The adverse effect of using too 
thick a bedding course or one of vari- 
able thickness is marked. The bedding 
course should not greatly exceed %-in. 
in thickness and its uniformity depends 
on the degree of accuracy with which 
the base course is finished. Another 
construction detail which deserves at- 
tention is the application of the asphalt 
filter. There is a general tendency to 
use an excessive amount of filler and 
this results in a rough pavement sur- 
face. It is important that the filler 
used be adapted to the climatic condi- 
tions and that only enough be used to 
fill the joints. The advantages of 
smooth pavement surfaces in improving 
the riding qualities and in reducing de- 
structive impact effects justifies careful 
control of these construction features. 

This investigation has yielded results 
which indicate the possibility of very 
appreciable reductions in the cost of 
brick pavement construction. By the 
use of thinner brick very large aggre- 
gate savings may be effected and the 
value of the investigation as it may in- 
fluence economy of construction is im- 
mediately apparent. For this reason 
the tests have had a particular interest 
since the benefits derived from them 
may be computed rather accurately in 
terms of money value. This is a char- 
acteristic not too common to research 
projects. 

Demonstrated Value of Thin Brick.— 
The accelerated test demonstrated the 
value of thin brick as a pavement sur- 
face but it did not demonstrate that the 
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Fig. 6.—Results of Accelerated Traffic Test on Brick Pavements 
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thin brick is necessarily the equivalent 
of the thicker brick commonly con- 
sidered as standard in pavement con- 
struction. The use of thinner brick un- 
doubtedly reduces the factor of safety 
and for this reason the maintenance of 
a uniformly high standard of quality 
is essential if advantage is to be taken 
of the indicated savings. 

Several types of base have been ob- 
served to render satisfactory service 
under rather severe traffic conditions, 
but in this connection it should again 
be emphasized that the first requisite 
of any brick pavement is a foundation 
which is stable, no matter what its type 
may be. 

Conclusion.—The above constitutes a 
brief review of a few of the more im- 
portant recent developments in high- 
way research. Many other projects, 
equally important, are now in frogress 
or contemplates. 

The need for immediate information 
on many subjects has resulted in the 
simultaneous institution of many re- 
searches; so many, in fact, that to the 
casual observer, a present summary of 
investigations completed or in progress 
may seem a confusing list of apparent- 
ly unrelated subjects. Each of these is 
a detail of an intricate design and 
eventually will be fitted into its proper 
place. However, we have barely start- 
ed on the program which has for its 
object the development of the new 
science of highway engineering. The 
work which has already been done, 
valuable as it is, is relatively insignifi- 
cant when we consider the stupendous 
task which lies ahead. 


Robert Campbell Stubbs, 
Inventor, Dies 


Robert Campbell Stubbs, founder of 
Vibrolithic concrete and Interlocking 
bituminous pavements, died in a hospi- 
tal at Dallas, Texas, July 9th, at the 
age of 57 years, following an attack 
of pneumonia and complications. 

Mr. Stubbs was born in Smith 
County, Miss., September 4th, 1869. In 
1879 he moved to Bosque County, 
Texas, and later to Dallas, Texas, where 
he has made his home for the last forty 
years. He was a member of one of 
those sturdy pioneer Southern families 
which did so much for the Southwest 
during the years which immediately fol- 
lowed the Civil War. His father, the 
late Major G. W. Stubbs, was at one 
time president of the Mississippi State 
Senate. 

Mr. Stubbs was a tireless student. 
His profound studies and unlimited ca- 
pacity to absorb knowledge made him 
a national authority on concrete long 
before this material came into general 
usave. Most of his life was devoted 
to the construction field. In 1887 he 





and his father became engaged in gen- 
eral contracting... Later they branched 
out into the construction of sidewalks 
and pavements, being pioneers in the 
Southwest in the building of concrete 
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sidewalks. From this early association 
with the construction of concrete side- 
walks and pavements, Mr. Stubbs 
gained his knowledge of concrete pave- 
ment which led up to the founding of 
Vibrolithic, and later, to the develop- 
ment of Interlocking bituminous pave- 
ment. Mr. Stubbs was a charter mem- 
ber of the American Concrete Institute. 

He was a devout Presbyterian and at 
the time of his death he was deacon 
in the First Presbyterian church at Dal- 
las. Besides a host of local friends, as 
well as countless friends and acquaint- 
ances throughout the _ construction 
world, he leaves a wife, a son and 
daughter, a sister and two brothers to 
mourn his loss. 





City Managers to Meet at 
Dubuque 


The Fourteenth Annual Convention 
of the International City Managers’ As- 
sociation will be held on September 13, 
14 and 15 at the Hotel Julien Dubuque, 
at Dubuque, Ia. The following program 
has been announced: 

Tuesday morning, September 13. 9:00 
a. m. (Central Standard Time.) 

Registration: Mezzanine Floor. 

Convention Assembly: 10:30 a. m. 

Address of Welcome: Hon. Harland 
G. Melchoir, Mayor, Dubuque, Ia. 

President’s Response and Annual Ad- 
dress: President Fred H. Locke, City 
Manager, Grand Rapids, Mich. 

Executive Secretary’s Report. 

Get Acquainted Luncheon: 
Dubuque Dining Room, 12:15. 

Tuesday afternoon, 1:30 p. m., Sep- 
tember 13. Business meeting and re- 
ports of committees. General assembly 
and discussion of police administration. 
John N. Edy, city manager, Berkeley, 
Cal., presiding. Paper: Police Depart~ 
ment Administration, by August Voll- 
mer, chief of police, Berkeley, Cal. 
Chief Vollmer has an international rep- 
utation and is considered the outstand- 
ing authority on this subject. His 
paper will be discussed by Louis Brown- 
low, former commissioner of public 
safety, Washington, D. C., and former 
city manager of Petersburg, Va., and 
Knoxville, Tenn. 

Tuesday evening, September 13. 
There will be a dinner dance. Each 
delegate is invited to bring his wife 
and friends. 

Wednesday morning, 9:00 a. m., Sep- 
tember 14. Round table: Street Wid- 
ening for Solving Traffic Problems. C. 
A. Bingham, West Palm Beach, Fla., 
presiding. Paper by O. E. Carr, city 
manager, Fort Worth, Texas. Round 
table: Problems of the City Manager 
in a Small City. L. A. Goines, city 
manager, Alliance, Nebr., will preside. 
Paper by F. R. Buechner, city manager, 
Gladstone, Mich. 

10:45 a. m. The Technique of City 
Management. R. W. Rigsby, city man- 
ager, Durham, N. C., will give a paper 
on this subject. It will be discussed by 
C. H. R. Fuller, city manager, Chatham, 
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Ont. This is the most important round 
table of the convention. 

Wednesday noon, luncheon 12:15. A 
national authority on city planning and 
zoning will give an address which will 
be discussed by R. W. B. Hart, city 
manager, Lynchburg, Va. W. R. Hop- 
kins, city manager, Cleveland, O., will 
preside. 

Wednesday afternoon, September 14. 
Tour of the city and visits to municipal 
enterprises. The ladies will accompany. 

Wednesday evening. Annual banquet. 

Thursday morning, September 15. 
9:00 a. m. Round table: Fire Depart- 
ment Administration. E. E. McAdams, 
city manager, Waco, Texas, presiding. 
Paper: Joseph W. Fisher, fire chief, 
Dubuque, Ia., former fire chief of Nash- 
ville, Tenn. Discussion by Earl C. Elli- 
ott, former city manager of Wichita, 
Kans. Round table: Parks, Play- 
grounds, Swimming Pools.  Presided 
over by A. M. Wilson, city manager, 
Colorado Springs, Colo., and vice-presi- 
dent of the association. Paper by A. E. 
Davidson, director of public welfare, 
Grand Rapids, Mich. 

Thursday afternoon, September 15. 
Business session. 


High Head Pumping on 
Paving Job 


The necessity of securing water for 
the Mountain Springs paving job in 
San Diego County, according to June 
California Highway News, probably 
resulted in the establishment of a new 
record for the highest head encoun- 
tered on any paving project in Cali- 
fornia. 

It was necessary to secure water at 
Jacumba and to pump it over a summit 
44 miles east, from which point it 
flowed by gravity to the work. The 
difference in elevation between Ja- 
cumba and the Summit Reservoir was 
about 417 feet. The amount of water 
required was estimated at 300 gal. per 
minute. The total elevation between 
the summit and the lowest point to 
which the water was carried for use 
was 1,753 ft. 

The pumping to the summit was ac- 
complished by means of a 2% in. six- 
stage type MMB horizontal centrifugal 
pump with bronze impellers. The pump 
was operated by a 5% in. by 6% in., 
4-cylinder Waukesha industrial power 
unit with twin disc clutch power take- 
off. A 4 in. welded steel line was used 
to convey the water to the summit and 
this line crossed the highway 2-3 mile 
east of the pumping station, with two 
45 degree angles. 

In order to insure full discharge, a 
booster pump was located 2.6 miles 
from the first pump. This was a 4% 
by 5% Triplex pump, also driven by a 
Waukesha motor. The piping was so 
arranged, that the water could be 
passed through the pump or by-passed 
around it, which made it possible to 
operate either only the first pump or 
use both pumps at the same time. 












































Bituminous Penetration Pavement 


Design Features and Methods of Construction Discussed in Paper Presented at Annual 


Convention of 







construction of 
bituminous pavements, may be _ in- 
cluded all classes of work in which 
bitumen in the form of asphalt or tar 
is used as an integral part of the 
pavement. Roughly they may be di- 
vided into two classes: First, those 
composed of mechanical mixtures, 
which in nearly all cases are laid hot 
and in which class is included sheet 
asphalt, topeka, and many of the pat- 
ented pavements, such as warrenite, 
bitulithic, amiesite and others; second, 
bituminous macadam, in which the 
voids between the stone of the wearing 
course are filled with bituminous bind- 
er. Space will not permit of a lengthy 
discussion of all of the various types. 
Therefore, bituminous macadam, be- 
cause of its adaptability, economy, sim- 
plicity and the availability of materials 
entering into its construction, will 
form the basis of this paper. 

In the design of the pavement, 
whether it be of bituminous macadam 
or of some other type, the character 
and intensity of traffic should be given 
the most careful attention. A design 
that may be adequate and economical 
for one locality may prove an utter 
failure when built in locations and un- 
der conditions not adapted to its use. 

Pavements, like structures, “are de- 
signed for a specific purpose,” and 
every engineer whose duty it is to su- 
pervise their design should study, not 
only the probable loadings to which 
they will be subjected, but must also 
have an understanding of the internal 
forces resulting from these loads. 

In the design of a bituminous maca- 
dam pavement, it should be borne in 
mind that there is little inherent stabil- 
ity in the pavement property. This fact 
necessitates intelligent design and 
careful construction of the foundation 
upon which it is to be placed, for it is 
in the foundation that the essentials 
governing the success or failure of the 
work will often be noted. 


In the design and 


Foundation Course.—The carrying 
capacity of the pavement is influenced 
to a great extent by the moisture-con- 
tent and character of the subsoil be- 
neath. With very few exceptions this 
capacity is increased as the moisture 
content in the subsoil is decreased, and 
for this reason it is essential that ade- 
quate drainage structures be provided 
to reduce to a minimum the amount of 
free water beneath the pavement. This 
usually can be successfully accom- 
plished by the use of standard drains 
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placed on one or both sides of the road, 
as may be required. 

In the case of very retentive soils 
not easily drained, increased stability 
may be obtained by the use of a layer 
of sandy gravel, cinders, or slag, spread 
over the surface to a depth of 6 in. or 
more. This treatment is not ordinarily 
expensive in localities where these ma- 
terials are available and has proved 
very effective on roads that are not 
subjected to the frequent use of heavi- 
ly loaded trucks. 

There are, however, many locations 
where it will be necessary, because of 
local conditions and the intensity of 
traffic, to provide foundations of great- 
er strength and thickness. This is 
usually accomplished by a layer of field 
stone broken and placed by hand, or 
by the use of coarsely crushed stone 
either from a local or commercial 
crushing plant. 

Field stone when available is usually 
the more economical. The depth of this 
course will depend to a great extent on 
the character of the subsoil and the 
sizes of stone used. It is largely a mat- 
ter of judgment on the part of the en- 
gineer, but will ordinarily range from 
6 to 12 in. in depth. 

This course, after being thoroughly 
rolled, should be filled with coarse sand 
or fine gravel and again rolled until 
firmly compacted. To foundations of 
this nature should be added a layer of 
crushed stone 2 to 3 in. in depth. This 
stone should be carefully spread to the 
required grade, rolled and filled to pro- 
vide a uniform surface for the top 
course. 

There are many sections where it is 
possible to secure gravel suitable for a 
base course from local deposits with a 
considerable saving in cost over the use 
of broken stone. A well graded gravel 
gives excellent results and has the ad- 
vantage of presenting a more uniform 
surface for the use of the public dur- 
ing the construction of the road. It 
is good practice to carry the foundation 
course under the shoulders to the gut- 
ter line, thus insuring better drainage 
and greater stability for the pavement. 

It will not always be found necessary 
to place a foundation course under 
bituminous pavements, there being 
many localities where the soil is of a 
permeable nature with sufficient bear- 
ing power to support the pavement and 
the super-imposed loads. If, however, 
there is any doubt as to its necessity, 
it is better to err on the side of safety. 


Base Course.—In general, the design 
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and construction of the base course is 
essentially the same throughout the 
eastern states. It usually consists of 
a compacted layer of crushed stone, 5 
to 7 in. in depth, laid and rolled in two 
courses. The sizes of the stone used 
vary somewhat, depending upon its 
source. If obtained from a commercial 
quarry, well graded stone passing a 
3-in. ring and retained on a 1% ring 
will give very satisfactory results. If 
the stone is crushed on the job, greater 
latitude in the sizes used is not con- 
sidered objectionable, although great 
care should be taken to prevent the 
smaller sizes forming in pockets due to 
segregation. 

While the quality of the stone used 
in the base course does not need to be 
selected with the same care as should 
be exercised when choosing material 
for the top course, it should, however, 
be reasonably hard and _ structurally 
sound. Stone having a percent of wear 
of not more than 5 and that when 
crushed produces few flat or elongated 
pieces, may be safely used even in 
roads that will be subjected to reason- 
ably heavy traffic. It is to be inferred 
that by heavy traffic is meant the gross 
weight per unit load rather than the 
number of units passing over the road. 

Sand that is well graded and free 
from loam is considered an ideal filler 
for the base. Screenings are often 
used for this purpose and when ob- 
tained from rock of a low cementing 
value will usually prove satisfactory. 
Screenings obtained from trap rock and 
some of the lime stones are not con- 
sidered equal to sand as a filler be- 
cause of their impervious nature when 
compacted with the stone of the base 
course. The high cementing quality of 
this type of filler produces a hard, un- 
yielding surface preventing any me- 
chanical bond between the base and top 
course. 

It has long been realized, both in the 
rigid and elastic types of pavement, 
that the edges constitute a point of 
weakness. To overcome this and pro- 
vide greater lateral stability for the top 
course, it is recommended that the base 
course be constructed 6 in. wider on 
either side than the penetrated portion 
of the pavement. While this has not 
been the standard practice in the east 
and, at first thought, may seem an un- 
necessary expense, it is felt that this 
method of protecting the edges of the 
pavement from wear and settlement 
justifies the small additional cost. Not 
only will this additional material serve 
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as a support for the top but will be 
found equally valuable in strengthen- 
ing the shoulders, thus affording great- 
er resistance to traffic when shoulders 
are used by passing machines or as a 
parking space. 

Top Course.—In considering the top 
course, it is highly important that cer- 
tain factors be taken into consideration, 
for in this course are to be found many 
of the faults, as well as the good quali- 
ties, of this type of pavement. It is 
also here that are found the greatest 
differences in construction practice 
among the various states and munici- 
palities. Among these differences may 


be mentioned the depth, physical quali- 
ties, and sizes of stone used; the quan- 
tity and character of bitumen; and the 
incorporating 


methods employed in 
these materials. 

These differences of opinion have 
tended to produce anything but uniform 
results in the locations where these 
pavements have been most commonly 
used. It may, however, be noted that 
at the present time there seems to be 
a tendency to greater uniformity in 
many of the details so necessary in 
securing the best results in pavements 
of this type. 

Size and Quality of Stone.—Without 
doubt the best results will be obtained 
through the use of crushed stone of 
large and uniform size. This size may 
vary somewhat with the hardness of 
the stone used. In the case of trap or 
other rocks showing a percent of wear 
not greater than 3, ideal sizes will be 
obtained by the use of stone passing a 
2'-in. circular screen and retained on 
a 1%-in. circular .screen. 

The key stone recommended for use 
after the first application of the binder 
material should be the ordinary com- 
mercial %-in. size, obtained from pass- 
ing through a 1-in. screen and retained 
on a %-in. screen. For the second ap- 
plication, cover stone ranging in size 
from %-in. to %-in. is favored. 

While the use of small stone ranging 
in size from %-in. to %-in. is some- 
times specified to follow each applica- 
tion of bitumen, it is felt that better 
results will be obtained by using as 
key stone the commercial %-in. sizes 
previously mentioned, following the 
first application, because of the greater 
mechanical bond obtained. 

Only stone that will show a per cent 
of wear not greater than 3 and a tough- 
ness of not less than 12 should be used 
in bituminous pavements that are to be 
subjected to exacting traffic conditions. 
Hard, tough rock that does not fracture 
or crumble under the roller can be more 
readily compacted to form a smooth 
interlocking top with uniform voids, 
than will be the case if softer or less 
uniform stone is used. 

Uniformity of voids is of vital im- 
portance in securing an even penetra- 
on of bitumen. Pockets of small 
stone occurring either as a result of 
being crushed under the roller or from 
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the use uf stone improperly graded are 
productive of results detrimental to the 
smoothness of the pavement. 

The stone for this course should con- 
sist of only clean, tough, durable frag- 
ments, free from flat or elongated 
pieces. It should be carefully and uni- 
formly spread, after which it should be 
compacted by rolling until the frag- 
ments are keyed together to form a 
surface that will show little displace- 
ment under the roller. 


Thorough Rolling Important.—The 
importance of thoroughly rolling the 
top course before applying the bitumen 
can not be too strongly emphasized. 
Too often this feature of the work is 
slighted. 

The use of a 3-wheel roller weighing 
not less than 10 tons is recommended 
for this work as well as for all other 
work where a roller is specified. 

While considering the adaptability of 
stone for the penetrated portion of the 
pavement, it may be well to call atten- 
tion at this time to a condition some- 
times present in stone that otherwise 
meets all the necessary requirements. 
I refer to the slippery or greasy charac- 
ter of some rocks that prevent a proper 
adhesion of the bitumious binder. This 
is a serious fault that will result in an 
inferior pavement if not complete fail- 
ure. For the same reason, stone that 
is coated with dust or dirt is also ob- 
jectionable and its use should be 
avoided. 

In locations where it is not. possible 
to secure ideal stone at a reasonable 
cost, inferior rock has often been used 
with very successful results in roads 
that carry only light traffic. When 
using the softer grades of stone, rela- 
tively larger sizes than those specified 
for trap or its equivalent are preferable. 

After the stone has been carefully 
spread, it should be rolled only enough 
to secure a uniform cross section, since 
continued rolling will tend to crush the 
fragments, thus preventing a proper 
distribution of the bitumen. While too 
much rolling before applying the bitu- 
men may be harmful, there is no ques- 
tion regarding the necessity of thor- 
ough and continuous rolling after the 
surface has been completed. If the 
weather is warm and the binder is in 
a more or less plastic condition, this 
rolling may be continued with beneficial 
results for several days. 

Depth of Penetration Course.—The 
depth of the penetration course as or- 
dinarily laid, varies from 2 in. to 3 in. 
in thickness depending to a great extent 
on the sizes of stone used and the 
amount of bitumen desired per square 
yard. Obviously, the depth should be 
increased as the maximum size of stone 
to be used is increased. Ordinarily, it 
is safe to consider that the minimum 
depth should be equal to the diameter 
of the screen through which the stone 
passes. 

I feel that the best results will be 
obtained with the use of hard, tough 
stone ranging in size from 2% in. to 
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1% in. where a compacted depth of 
2% in. is desired for the top course. 
Care should be taken to use only enough 
stone to secure the desired depth after 
rolling. Too great a depth of stone will 
produce a surface that will not be prop- 
erly filled by the bitumen, while in- 
sufficient stone will cause a condition in 
which the excess bitumen will tend to 
produce a surface that becomes wavy 
and picks up under traffic during hot 
weather. 

After applying the bitumen and while 
it is still hot, key stone should be spread 
over the surface in sufficient quantity 
to fill the voids. Any excess stone that 
is not embedded in the bitumen after 
the surface has been rolled should be 
removed by the use of hand or power 
brooms before the second application. 
The condition of the surface before this 
application is important in its relation 
to the completed pavement. A surface 
that is covered with loose stone is not 
readily penetrated, resulting in a blan- 
ket of bitumen and cover stone. This 
condition does not give the most satis- 
factory service under heavy traffic. 


Ideal Surface Should Be Smooth and 
Tight.—I am of the opinion that the 
ideal surface should be smooth and 
tight, presenting a mosaic appearance 
in which the upper surfaces of the 
larger stone are exposed to the action 
of traffic. Although this condition re- 
quires the use of high grade rock, I 
feel that the results attending its use 
justify its selection for all pavements 
of this type that are to carry heavy 
traffic. The mosaic condition referred 
to is not obtained until the road has 
been subjected to traffic from three to 
four years. 

The amount of cover stone used on 
the second application of bitumen will 
depend to some extent on the tempera- 
ture of the air and of the materials 
when the work is done. During the 
summer considerable more stone can be 
rolled into the surface than will be pos- 
sible during fall construction. This 
stone should be uniformly spread. If 
bunches form, they should be removed 
by the use of brooms. 

Key stone and cover stone should 
both be spread parallel with the center 
line of the road. This is not only pro- 
ductive of a better riding surface but 
will materially assist in preventing the 
voids becoming filled in the opposite 
half of the road when only a portion of 
the width is being penetrated at one 
time. 

Practice has shown that with trap or 
an equally heavy stone, the amounts 
per square yard of surface for a 2%-in. 
top course are as follows: Coarse stone, 
240 lb.; key stone, 50 lb.; cover stone, 
38 lb. During the fall of the year the 
amount of cover stone that can be used 
to advantage will not exceed 25 to 30 
lb. Anything in excess of this amount 
will be ground up or thrown to the sides 
of the road by passing traffic. 

Bituminous Binder Material.—During 
the earlier years of the construction of 
this type of pavement, tar as a bitu- 
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minous binder was probably more com- 
monly used than now. Present day 
practice seems to favor the use of 
asphalt, although tar with the softer 
stone has proved very successful on 
pavements where the travel is light. 

In early construction work the bitu- 
men was poured by hand from pots or 
applied by the use of a hose attached 
to a distributor tank. These crude 
methods have now been replaced by the 
use of motor driven pressure distribu- 
tors equipped with heating units and 
insulated tanks. Perfected machinery 
has greatly increased the speed and 
quality of this part of the work. 

There has been and still is a con- 
siderable variation in the amount and 
hardness of the binder used by various 
states. At the present time the general 
practice seems to favor the use of 
asphalts with a penetration between 85 
and 100 for use in roads that are to 
carry heavy traffic. Asphalt having a 
penetration between 100 and 120 is 
commonly used in some locations where 
traffic is light and during late fall con- 
struction. The use of too soft an 
asphalt tends to promote corrugations 
in the surface of the pavement and to 
increase maintenance costs. 

Should penetration construction be 
desired for locations where traffic is 
concentrated and extremely heavy, 
asphalt with a penetration between 60 
and 70 is recommended. Binder of such 
low penetration will show little dis- 
placement under traffic even in the 
warmest weather, nor will it be affected 
by low temperature if travel is suffi- 
ciently heavy to develop the surfacing 
process before winter. 

The amount of bitumen used should 
vary with the depth of stone in the top 
course. It may be generally stated that 
this amount will be equal in gallons per 
square yard at 60° F. to the depth in 
inches of the stone to be penetrated. 
In case of a 2%-in. top constructed of 
the sizes of stone specified, the use of 
1% gal. of tar or asphalt per square 
yard for the first application is rec- 
ommended, while for the second appli- 
cation % gal. is sufficient. It should 
be borne in mind that a correction must 
be made in the yardage that will be 
covered with bitumen that has been 
heated, because of the expansion that 
takes place. 

The binder material in the form of 
tar or asphalt should be heated to not 
less than 275° F. nor more than 350° F. 
for asphalt, and not less than 225° F. 
nor more than 300° F. in the case of 
tar. 

If stone passing a 3-in. circular open- 
ing is used in the top course laid as 
suggested to a depth of 3 in., the 
amount of binder used should be in- 
creased to 2 gal. and 1 gal. for the 
first and second application respectively. 
These amounts of bitumen are too lib- 
eral where stone soft enough to break 
up under the roller is being used. 


Effect of Seasonal Changes.—Any pa- 
per dealing with the construction of 
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bituminous macadam pavements would 
not be complete without a word in re- 
gard to the effect of seasonal changes 
in the results obtained. Because of the 
great variation in climatic conditions 
between different states, no rule as to 
when top course construction should 
cease can be reasonably stated. 

The surfacing process resulting from 
the action of heat and traffic can only 
be effective while the temperature is 
still warm enough to soften the binder 
material. A pavement that is laid dur- 
ing cold weather and opened to traffic 
has little chance of developing a smooth 
surface. The binder material is in- 
clined to be brittle and the cover stones 
are easily dislodged by traffic and 
swept to the sides of the road carrying 
with them in many cases small particles 
of the bitumen. Surfaces that have lost 
much of the cover stone and some of 
the .bitumen ravel easily and are not 
easily repaired. Late surfacing work 
should be avoided whenever possible. If 
it must be done and opened to traffic 
the surface should be kept well covered 
with a blanket of coarse sand during 
the winter months. 

Conclusions.—It would be foolish to 
assume that any one type of pavement 
will give the best results under all con- 
ditions; to do so would be to court dis- 
aster and the necessity for the recon- 
struction of many projects. 

Unstable subsoil conditions prevail- 
ing over long sections of road that can 
not be adequately drained offer very 
little support for a pavement of the 
penetration type. While the construc- 
tion of elaborate drainage structures 
and the formation with permeable ma- 
terials of a foundation course will to a 
great extent overcome the difficulty, it 
is felt that greater efficiency and econ- 
omy may be obtained by the selection 
of some other type of pavement. 

While it is true that careful con- 
sideration must be given to the selec- 
tion of suitable materials and to the 
details of construction to secure the 
most successful results, these require- 
ments are in no way peculiar to pene- 
tration macadam since “the same 
essentials are equally important in the 
construction of every other type.” 

Probably more has been learned from 
practice than from theory regarding the 
limitations of these pavements. Ex- 
perience has shown that even when sub- 
jected to heavy truck traffic, bituminous 
macadam pavements that were properly 
constructed have functioned successfully 
for long periods of time with surpris- 
ingly low maintenance costs. It is no 
doubt true that many of the failures 
charged to this type of pavement are 
the result of improper design, unsuit- 
able materials, or faulty construction, 
rather than to the depreciating action 
of traffic. 

Pavements of this type have been 
designed to give economical and satis- 
factory results even though subjected 
to varying degrees of traffic. One has 
but to ride over some of the heavily 
traveled trunk line highways in the 
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east, on which this type of pavemen: 
has been laid, to appreciate the traffic 
resisting qualities of bituminous mac 
adam when designed to meet the max 
imum legal loads allowed by law, while 
their adaptability for use on residentia! 
streets is shown by the millions of 
square yards that have been laid in 
cities and villages throughout the 
country. 

The following suggestions are noted 
for consideration in connection with the 
design and construction of bituminous 
macadam pavements: 

1. The base course should be com- 
pact, tight, unyielding to the greatest 
degree, and rolled to a smooth uniform 
surface, since any unevenness in this 
course is almost sure to show up in the 
surface. 

2. The thickness of the foundation de- 
pends largely on subsoil conditions and 
traffic requirements. 

3. The selection of mineral aggre- 
gates and binder material of a character 
suitable to meet the requirements for 
the type of work to be done. 


4. The discouragement wherever pos- 
sible of late construction work on the 
penetration course. 


5. Careful construction methods di- 
rected by engineers experienced in this 
type of work. 


Resistance to wear, impact and abra- 
sion, together with its adaptability for 
speedy construction and easy mainte- 
nance should increase the popularity 
and use of bituminous macadam pave- 
ments. 





Texas Commission Has New 
Accounting System 


Following approval by the Texas 
State Highway Commission of plans 
and surveys made by H. L. Washburn, 
auditor of Harris County and designer 
of a new system of accounting for the 
Highway Department, work has started 
on the inauguration of the system. 


A certified public accountant has been 
employed to install the system under 
the direction of Washburn, and esti- 
mates are that the work will be com- 
pleted in sixty days. The entire present 
system will be changed and practically 
abolished, and the new method will be 
built around a central unit to have com- 
plete charge over accounts in all di- 
visions of the work. 


Failure of the department to have a 
system whereby a full check could be 
kept on outstanding indebtedness and 
the amount of income due is said to be 
the main reason why further Federal 
aid was withheld from Texas about six 
months ago. Members of the commis- 
sion declare fully justifiable accounts 
are continually coming to their atten- 
tion that were incurred months ago, but 
nothing was known of them because of 
the muddled system. 
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The Maintenance of a State Highway System 


Organization and Methods in Wisconsin Described in Paper Presented at 13th Annual Road School, 
Purdue University 


By N. M. ISABELLA 


Maintenance Engineer, Wisconsin Highway Commission 


In the selection of the state highway 
system in Wisconsin, a very careful 
preliminary study was made of the 
whole state and its possible future de- 
velopment. The main routes were 
chosen from the best information avail- 
able. This was followed by a careful 
reconnaissance survey in the field. Prior 
to final selection, hearings were held 
at all county seats where all interested 
had an opportunity to discuss and pre- 
sent their views as to the proper loca- 
tion in their community. In a great 
many cases changes were made as the 
outcome of the hearings and it is evi- 
dent that by adopting this policy a 
system of highways was finally selected 
that fills the general traffic demands of 
the state. It was determined that the 
entire state system, whether improved 
or not, must be maintained from the 
very beginning. Undoubtedly this last 
named factor was the most important 
one in the development and improve- 
ment of highway transportation in Wis- 
consin. It is held that the establish- 
ment of a preferred system of highways 
by any unit of government should carry 
with it the immediate maintenance of 
that system by the establishing unit. It 
cannot be over-emphasized that a state 
system of roads should not be laid out 
unless real state control of its mainte- 
nance is also provided. 

Factors on Which Efficient Road 
Maintenance Depends. — The mainte- 
nance of a highway is much different 
than the construction. In the building 
of a highway, definite factors are con- 
sidered, such as alignment, grade, 
drainage structures, thickness and width 
of surfacing, and other details that vary 
with the locality. In maintenance the 
remedy or method applicable to one 
road does not necessarily apply to an- 
other. The problem is to keep the road 
up to its original condition insofar as 
funds will permit. The condition of the 
road varies with the type and character 
of the traffic, drainage, topography, 
weather conditions, and thus one cannot 
definitely say what the maintenance 
cost of a given road will be because 
these items cannot always be deter- 
mined in advance. Efficient road 
maintenance will, therefore, depend on 
the following factors: 

(1) Sufficient funds available. 

(2) Organization and equipment. 

(3) Proper planning and budgeting 
of funds to meet traffic de- 
mands. 
Efficient execution of the work 
as planned. 

Taking item 1, namely, Funds Avail- 
able, it must be said that to carry out 
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the maintenance work successfully, 
sufficient funds must be provided. In 
most of the states, the funds used for 
maintenance work are derived from 
revenues collected from motor vehicle 
fees. The motor vehicle owner is be- 
coming more critical each year in his 
requirements for highway service, and 
takes the opportunity of informing the 
highway official that he is paying the 
bill and desires that he be given just 
returns for the taxes paid by him. 

Organization and Equipment: In ad- 
dition to having sufficient funds to work 
with, it is very essential that the work 
be handled by a competent organization 
supplied with up-to-date equipment to 
do the required work properly. 

Proper Planning to Meet Traffic De- 
mands: The future demands of high- 
way traffic must be anticipated from the 
best available information. Prepara- 
tions for the year’s work should be 
made well in advance. Probably one 
of the most undesirable features from 
the standpoint of the motorist is the 
closing of the main highway to traffic 
and requiring him to travel over a de- 
tour. If these are not planned for in 
advance, there is bound to be dissatis- 
faction from the motorist’s viewpoint. 
The widening of roads for safety and 
surface treatments to eliminate the dust 
nuisance on gravel roads are important 
factors to consider. 

Efficient Execution of the Work: 
After having sufficient funds available, 
the organization and equipment, and 
definite plans made to take care of 
traffic, the last item, and one of the 
most important, is the efficient execu- 
tion of the work. This item is impor- 
tant because-it involves the thought and 
energy of the men who actually carry 
out the work as well as the official in 
charge. 

Importance of Systematic Mainte- 
nance.—In the maintenance of our high- 
ways in Wisconsin, we have tried to 
keep these items in mind and in plan- 
ning our work the thing uppermost in 
the minds of the highway officials has 
been to render highway service at a 
minimum cost and to provide for the 
public a safe and comfortable highway. 
One thing upon which all opinions seem 
to be agreed is that the expenditure of 
large sums of money for construction is 
an extravagant use of funds unless fol- 
lowed by systematic maintenance. It, 
therefore, follows that in the design of 
a highway the maintenance factors 
should be considered. The cheapest 
highway in original construction cost is 
not always the most efficient and econo- 
mical highway to maintain, and it is 
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well for those in charge of design to 
keep these matters before them when 
planning for future highways. It often 
happens that the highway required by 
traffic conditions in a particular locality 
cannot always be constructed because 
of the lack of funds, but there should 
be no excuse for the official planning 
the wrong highway when all conditions 
are favorable. In other words, build 
the maintenance in the construction of 
the road. Maintenance work, while it 
is variable from season to season, can 
be efficiently executed if properly 
planned. There are no two roads with 
similar conditions as to traffic, topog- 
raphy, drainage, etc., and for this reason 
a special study should be made of the 
entire road system with the idea of 
planning for each individual section of 
the highway. Often, the expenditure 
of a few hundred dollars can save thou- 
sands of dollars at some later time, and 
these things can only be found by close 
observation of all conditions at hand, 
and by giving due consideration to all 
the items that will affect the mainte- 
nance cost. 

In order that a maintenance organ- 
ization may function efficiently, it must 
not be tied up in too much departmental 
red tape. There should be a govern- 
ing“ head or body to all successful or- 
ganizations, but in work which varies 
as much as the maintenance of a state 
highway system, the exercising of 2 
certain amount of judgment and dis- 
cretion must be left with the man 
actually doing the work and his im- 
mediate superiors. The general policies 
red tape. There should be a govern- 
ing body, but the matter of details 
which vary with every locality and with 
every highway must necessarily be left 
to the maintenance man who actually 
carries out the work. 


How the Maintenance Work in Wis- 
consin Is Carried On.— The mainte- 
nance work in Wisconsin is carried on 
somewhat differently than in most of 
the other states. While the work is 
under the supervision and direction of 
the state highway department, it is 
actually done by the county forces and 
to give the public efficient highway 
service, there must necessarily be very 
close cooperation between the counties 
and state. We are glad to say that 
this cooperation has been existent from 
the very beginning and has continued 
with increasing benefits. It has been 
our aim to plan the work for the 
succeeding year at the end of the 
maintenance season, at which time a 
representative of the state highway de- 
partment, accompanied by the county 
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commissioner and county highway com- 
mittee, go over all the state trunk high- 
ways in the county and determine the 
improvements to be made under gang 
maintenance on each highway. The 
general maintenance work, of course, is 
routine and the cost consists primarily 
of patrolmen’s salary, supplies, repairs, 
and extra help. Gang maintenance 
work, which may be divided into recon- 
struction and betterment, requires semi- 
construction methods and must be 
planned for in advance. These projects 
are planned for and a definite amount 
of money is set up for each project. 
The county must agree to commence 
the work on a certain date and have it 
completed within a certain time. 
Usually the work is so planned that it 
will offer the least inconvenience to the 
traveling public. A good many of the 
gang maintenance jobs are completed 
early in the season before the heavy 
summer traffic starts and some of the 
work is done in the fall of the year 
after traffic has decreased considerably. 
We try to keep the work to a minimum 
during the months of July and August, 
which are considered the heavy traffic 
months. 

In all highway organizations, there 
should not only be cooperation between 
the man who actually does the work 
and his superiors, but there should be 
thorough cooperation between’ the 
maintenance and construction depart- 
ments. If traffic is to be served, it is 
necessary for those in charge of mainte- 
nance to be informed on what the con- 
templated construction projects are, 
their location and information as to 
whether detours will be necessary or 
not. The great bulk of highway con- 
struction is planned well in advance, 
and by knowing just where the projects 
will be located for the coming year, de- 
tours may be provided and improved by 
the maintenance forces before the road 
to be constructed is actually closed. We 
have followed this policy quite religi- 
ously in Wisconsin and can cite many 
instances where detour roads have been 
previously widened and surfaced to take 
care of the through traffic during the 
construction of the main road. 

Maintenance work may be divided 
into four general classes, as follows: 
Spring maintenance, summer mainte- 
nance, fall maintenance, and winter 
maintenance. 

Spring Maintenance.—Probably the 
most critical time in the maintenance 
of earth, gravel and other light surface 
roads is in the spring of the year when 
the frost is leaving the ground. It is 
true that spring conditions do not show 
their effect so much on a permanent or 
durable pavement, but when one con- 
siders the fact that the hard surfaced 
or paved road comprises only a small 
percentage of the rural highway mile- 
age, the big problem lies in the proper 
maintenance of the gravel, shale, stone 
and earth roads. At the beginning of 
the maintenance season which is usually 
during the month of April, the ditches 
must be opened, the culverts cleaned 
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out, the surface graded smooth, and 
repaired wherever necessary. Objec- 
tionable features must be removed from 
the right of way. At this time of the 
year it is also possible to do the best 
work in shaping the cross section of 
the road. The high places may be cut 
down and the low places filled. If the 
patrolman gets a good start in the 
spring, the maintenance of his section 
will not be a great task during the sum- 
mer season, but if the important details 
are neglected during the spring, he is 
bound to have trouble during the sum- 
mer months when traffic is at its max- 
imum. It is sometimes impossible for 
a single patrolman to do all the work 
necessary on his section in the spring, 
and if this is true, he should be given 
extra help and in most instances a 
tractor-grader outfit should be run over 
his section to open the ditches. The 
guard fence, rip rap, ete., should be 
repaired. 

Summer Maintenance.—After the de- 
tails of spring maintenance have been 
taken care of, the patrolman’s time is 
then required almost constantly on the 
surface of the road. From time to 
time, he will find it necessary to replen- 
ish the surface materials from the stock 
piles which have been provided. Where 
traffic reaches 500 or more vehicles per 
day on the ordinary dirt or gravel road, 
the patrolman finds that he must keep 
his grader constantly on the surface 
in order to provide a smooth riding 
road. If, for any reason, he leaves the 
road a day or two, it is very plainly 
noticeable. One of the important items 
during the summer months’ work is 
the cutting of weeds along the shoul- 
ders, ditches and right of way. In some 
cases, two cuttings a season are suffi- 
cient, but we have found that in many 
cases it is necessary to cut the weeds 
and grass as many as four times. The 
months of July and August require the 
most intense maintenance on the sur- 
face for during these months the traffic 
is at its maximum. In Wisconsin it 
is not expected that the patrolman can 
do much more than keep the surface in 
a smooth riding condition during this 
period. Usually, extra work which is 
required on his section is taken care of 
by special crews. 

Fall Maintenance.—In the fall of the 
year when traffic has decreased consid- 
erably, the patrolman will find more 
time to take care of work other than 
the surface. At this time the ditches 
should be opened again and all culverts 
cleaned out, and the weeds and brush 
cut from the right of way to prevent 
snow from drifting on the highway 
during the winter. Stock piles of mate- 
rials should be provided at those places 
where the road is apt to give trouble 
in the spring. The road surface should 
be kept smooth so that when heavy 
frost comes, it will freeze in a uniformly 
smooth condition. It is very essential 
that the patrolman continue his grading 
operations until the ground becomes 
frozen. 

Winter Maintenance.—In most states 
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of the latitude of Wisconsin, the amoun' 
of winter maintenance done is compara. 
tively small on account of snow condi 
tions. Quite a number of states have 
adopted systematic snow removal pro- 
grams and are attempting to give 
through highway service during the 
winter months. We believe the time is 
not far distant when well formulated 
programs for winter maintenance and 
snow removal will be put into practice 
in all states in the snow belt. The de- 
mand for through highway service dur- 
ing the winter months is _ rapidly 
growing. This is very plainly shown 
in Wisconsin by comparing the snow 
removal activities of last winter with 
that of this winter. During the season 
of 1925-1926 there were approximately 
1500 miles on the snow removal pro- 
gram. About $100,000 was expended. 
Sixty miles of snow fence were 
placed. This fall $250,000 was appro- 
priated for snow removal work, 275 
miles of snow fence were placed, and 
an increased supply of equipment was 
purchased. The counties are also at- 
tempting to keep all the main highways 
open to traffic. In the northern part of 
Wisconsin considerable logging is done 
during the winter and it is necessary 
to leave about 5 or 6 ins. of snow for 
sleighing. This makes snow removal 
in the northern counties a little more 
difficult, but they are giving good serv- 
ice to both the sleigh and automobile 
traffic. 

Highway Safety.—One of the grow- 
ing evils on the highways is the num- 
ber of automobile accidents which are 
responsible for upwards of 20,000 fatal- 
ities annually on the highways of the 
United States. Several items contrib- 
uted to this alarming death rate but 
most of them show that the driver is 
responsible. There are a number of 
cases, however, where the condition of 
the highway has caused many very seri- 
ous accidents. It is the duty of every 
highway worker to do everything pos- 
sible to eliminate the causes for these 
accidents insofar as this work is 
concerned. The proper signing of a 
highway system does much toward in- 
forming the public of the dangerous 
and hazardous places along the high- 
way. The marking of a centerline on 
paved roads also tends to reduce acci- 
dents. Much remains to be done in the 
separation of grades with railroads and 
also on high speed highway intersec- 
tions. The dust problem on gravel and 
dirt roads is a very serious one. The 
states are beginning to cope with thi;, 
but when one considers that 80 per cent 
of the total rural highway mileage is 
unsurfaced, it can be readily seen that 
considerable thought and energy must 
be directed toward this problem. 


Supervision and Coordination of the 
Work.—No activity can be carried to a 
successful conclusion unless it is prop- 
erly supervised, and the forces involved 
properly coordinated. We find that it 
is impossible to get the best of 
service from the highway patrolmen 
unless they are properly supervised 
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and given attention from time to 
time by a superintendent or fore- 
man. They try to do their best, 
but when any man is put out on the 
highway 10 hours each day with the 
small amount of supervision that he 
ordinarily gets, it is next to impossible 
to expect efficient results. Thus, by hav- 
ing one who can visit with the patrol- 
man, exchange ideas from time to time, 
the results will be better maintenance 
at no increased cost. 


County and State Road Schools.—To 
coordinate the work among the various 
agencies in the county and state, county 
road schools are held each year at the 
county seats, usually at the beginning 
of the season, in which all subjects per- 
taining to the maintenance of the high- 
way are discussed. At these meetings 
the patrolmen are given a chance to 
speak freely and outline their ideas as 
learned from experience and to discuss 
with other patrolmen the advantages 
of carrying on their work according to 
the best methods. At this time when 
all the patrolmen are assembled, gen- 
eral instructions are issued to them by 
the Commission’s representative. Any 
doubtful points are discussed and agreed 
upon. The county road schools are 
primarily for the benefit of the patrol- 
men, but they also serve as a coordinat- 
ing influence between all _ those 
interested in the development of high- 
ways. 


In order to discuss highway problems 
from a state wide view-point, an annual 
state road school is held at the state 
capitol. The law requires that every 
county committee and highway commis- 
sioner must attend these meetings. All 
citizens interested in highway work are 
invited and in many cases do attend all 
sessions of the road school. It is be- 
lieved that the county road school and 
the annual state road school have been 
an incalculable influence in the develop- 
ment of the highway system in Wiscon- 
sin and have served to coordinate the 
work of all the counties to the extent 
that uniform maintenance has resulted 
throughout the entire state. 


Service to All.—The above remarks 
have been directed primarily to state 
highway systems, but we are frank to 
say that no state highway system can 
be successful unless the secondary or 
local highways experience a parallel 
growth commensurate with their im- 
portance as arteries of transportation. 
In other words, to give the best service 
to all of the motoring public from the 
most remote farmer to the city dweller, 
it is essential that we have improve- 
ments made on the local and county 
roads as well as on the state highways. 


Probably one thing that speaks more 
for the system employed in Wisconsin 
than does any other is the fact that 
county trunk systems patterned after 
the state systeni have been developed 
by all counties, and, in a great many 
iMmstances, the influence has extended 
down to the town roads. The county 
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trunk systems today total approx- 
imately 12,300 miles of secondary 
highways which are _ systematically 
maintained, marked and signed in the 
same manner as the state highways. 
Many of the towns have developed 
town systems and have placed patrol- 
men on the highways to keep them 
maintained at all times. It is believed 
that the results obtained on the state 
highway system through the plan 
adopted have been largely responsible 
for the development of the county trunk 
system and the improvement of town 
roads. 


In conclusion may it be stated that it 
has not been the intention of this paper 
to cover the many details of the mainte- 
nance work which necessarily must 
vary with each state and locality. On 
the contrary, the purpose has been to 
point out a few of the important factors 
which when properly applied will make 
for better highway service. It is true 
that in order to carry these out it re- 
quires the expenditure of money, 
thought, and energy, but after all the 
amounts expended for maintenance are 
almost insignificant when we compare 
it with what the total investment is in 
highways and highway transportation 
facilities. 

If we assume that each of the 800,- 
000 motor vehicles owned and operated 
by the citizens of the state of Indiana 
travel 5,000 miles per year and that 


through efficient maintenance of the 
highways each owner is saved one cent 
a mile in operation of his vehicle, there 
would be a total saving of 800,000 x 
5000 x 1 ct = $40,000,000. This looks 
like a large sum but I believe it is 
conservative. 





States Built 20,000 Miles of 
Surfaced Roads Last Year 


More than 13,600 miles of earth 
roads included in the State highway 
systems of the 48 States were surfaced 
by the several highway departments in 
1926, according to information compiled 
from State reports by the Bureau of 
Public Roads of the United States De- 
partment of Agriculture. 

The total length of surfaced roads 
constructed by State agencies during 
the year was 19,492 miles, of which 13,- 
664 miles was laid over former earth 
roads and 5,828 miles represented a re- 
building of old surfaces. 

The reports show that the total mile- 
age of surfaced roads in the State high- 
way systems increased by 18,205 miles 
during the year; but of this increase 
4,541 miles represents no actual work 
by the States, but consists merely of 
mileage transferred from county to 
State jurisdiction, statistical changes 
resulting from resurveys, etc. 

The above figures refer to increases 
in surfaced mileage on the State high- 
way systems only and do not include 
surfacing laid by the counties or other 
local governments. They do include, 
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however, all work done with Federal 
aid. ; 
The statistical table issued by the 
Federal bureau shows that the com- 
bined State systems embrace 287,928 
miles and that of this mileage 163,059 
miles is surfaced and 28,456 miles is 
graded and drained according to engi- 
neering standards. The State systems 
are now about 66 per cent initially im- 
proved. The types of surfaced roads 
existing at the end of 1926 were as fol- 
lows: 
Sand-clay and _ topsoil 
Gravel, chert and shale 
Waterbound macadam... 
ES 12,927 
Sheet asphalt 
Bituminous concrete 
Cement concrete 
Brick 
Asphalt, wood and stone block 

The mileage of road in the State sys- 
tems and the mileage surfaced are as 
follows: 
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Slag-Clay and Sand Asphalt in Dela- 
ware 

Two new types of paving were tried 
in Delaware during 1926—sand asphalt 
and slag-clay road. About six miles of 
the former was constructed to take ad- 
vantage of local sand. This type is 
cheaper than concrete, and can take 
traffic within one day of laying. Slag- 
clay was used on secondary roads, a 
total of 19.4 miles being completed. 












Super Highway Plan of Detroit Metropolitan Area 


The Need for a Master Plan for Major Thoroughfares Discussed in Paper Presented at 13th Annual 
Conference on Highway Engineering at University of Michigan 


I would like to impress upon each of 
you the urgent necessity of creating 
plans now for the gradual reshaping 
of the old horse and buggy standards 
of street and highway width in your 
respective districts, in order to more 
promptly meet the new requirements of 
the automobile and, in densely popu- 
lated cities, those of train operated 
rapid transit as well. Some of you 
may have already sensed the need, and 
be actively engaged in this work. My 
remarks will be mainly addressed to 
those who have not seen the picture of 
our changing requirements as clearly 
as we do here in Detrcit. 

Briefly I wnt to show you that the 
population of tnis country is increasing 
at a rapid rate; that automobile own- 
ership is increasing at a more rapid 
rate than population; that automobile 
use is going ahead faster than we can 
provide new facilities to meet the in- 
creases in automobile ownership and 
traffic. I want to show you that the 
adoption of proper standards and their 
application to a master plan of major 
thoroughfares and _ superhighways, 
backed up by competent legal and exec- 
utive authority will make the passage 
of time an ally of immense power, 
whereas without a master plan the pas- 
sage of time becomes an implacable 
enemy working to defeat our efforts to 
obtain relief. 





Population Tendency.—Let us look at 
the population tendency of the United 
States as a whole. The census of 1790 
gave a total for this country of 3,930,- 
000. Eighty years later the population 
had increased to 38% millions or to al- 
most ten times in eight decades. In 
1920 the population was 105,700,000. 
During those five decades from 1870 to 
1920 the lowest increase per decade was 
11% millions and the highest approxi- 
mately 16 millions. 

A press clipping in the January 16th, 
Sunday Detroit News quotes W. M. 
Steuart, director of census, and Dr. 
Joseph A. Hill, chief assistant, as esti- 
mating an increase of 18 millions for 
the present decade 1920 to 1930. Let 
us be conservative and assume that we 
will not continue to grow in popula- 
tion at an increasing rate and let us 
assume that we will not even grow at 
the figure estimated for the present 
period but only at an average of 15 
millions per decade for the next 70 years. 
Seven decades at 15 millions per decade 
is another 105 millions or the equivalent 
of the entire population of this coun- 
try as of 1920. It is reasonable to 
assume that during the span of life of 
many children born today there will be 
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created a second United States so far 
as population is concerned, which must 
be superimposed upon the one in which 
we now live. Every successive increase 
in population will bring into being its 
additional traffic burdens and problems 
to be added to those that already exist. 


What are we doing to plan for the 
larger requirements of this vastly 
greater population that is immediately 
ahead of us? 

So much for the tendency of pop- 
ulation. 

Automobiles—The Medium for Indi- 
vidual Transportation.—Within the past 
25 years there has been created a new 
medium for individual transportation 
that is working one of the greatest 
revolutions in man’s mode of living that 
has occurred since the beginning of 
time. Prior to the coming of the auto- 
mobile the individual was dependent up- 
on his own efforts, walking or running, 
or upon the ox or the horse for indi- 
vidual transportation. For eighteen cen- 
turies he moved within the limited ra- 
dius prescribed by these restrictions. 
Individuals of town and farming com- 
munities were isolated from each other 
for months out of each year by impas- 
sable roads. 

And now this restriction to individual 
travel has been banished forever. The 
farmer’s isolation has become a thing 
of the past. All that the city holds 
in the way of a market for his produce 
or for the health, education and recre- 
ation of his family is readily accessible 
to him all the year around. The factory 
worker, who formerly had to live within 
sound of the factory whistle, can visit 
the country at will or live out in the 
open sunlit places. Given good roads, 
and the motor car is railroad train and 
trolley car combined, without their lim- 
itations as to fixed routes, stations or 
time tables. The automobile is rapid 
transit on rubber tires for the indi- 
vidual. 

Increase in Automobile Ownership. 
—Twenty-five years ago there were less 
than 15,000 motor vehicles in the United 
States. Today there are well over 22,- 
000,000. During 1926 the industry pro- 
duced approximately 4,500,000 motor 
vehicles or almost 1,000,000 more than 
were registered in the entire country 
ten years ago. 

In 1920 we had in this country a 
motor vehicle to each eleven persons. 
Now we have one to each five persons. 
In California the ratio is one automo- 
bile to each three persons and the ten- 
dency of the rest of the states is toward 
the same or a lower ratio. 

The greatest increase in registration 
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occurs in those states already having 
the largest number. The six states of 
New York, California, Ohio, Pennsy]- 
vania, Illinois and Michigan, added last 
year 866,000 motor vehicles to the 
8,000,000 they previously had, or over 
10% per cent. 

So much for automobile ownership 
which is increasing more rapidly than 
population and seems to be headed 
towards a ratio at least as low as one 
motor vehicle to each three persons. 

Increase in Use.—In thirteen years 
Detroit’s population has doubled while 
motor vehicle registrations have in- 
creased over ten times. In the same 
period of traffic counts on Grand River 
Ave., one of our main trunk line high- 
ways, shows an increase of 34 times. 

A year ago Wayne County built 55 
miles of new concrete roads but in the 
same twelve months’ period registra- 
tions in the county increased over 53,000 
or almost one thousand vehicles to each 
mile of new surface. Automobile use 
is increasing faster than the facilities 
to take care of it. 

Hard surfaces are no longer the only 
consideration. We must provide wider 
streets and highways not only to meet 
the needs of the moment but in order 
to prepare for the much greater re- 
quirements of the future. Improved 
facilities for transportation invite traf- 
fic and benefit most the sections provid- 
ing the improved conditions. 

What of the Future? —If 210 millions 
of population is possible in this coun- 
try in another seven decades, and if we 
are headed toward a ratio at least as low 
as one motor vehicle to each three per- 
sons, then there will be in the neighbor- 
hood of seventy millions of motor units 
trying to find space for travel upon the 
streets and highways of this country 
within the scriptural span of three score 
and ten years, where we are already 
congested with only 22 millions today. 

Remember that we are increasing 
population, according to the Census 
Bureau, at a greater rate than 15 mil- 
lions per decade. But whether we reach 
these figures in seventy or eighty years 
is not the important point as much as 
the fact that we are irresistibly mov- 
ing toward that objective. What lies 
beyond we will not now conjecture. It 
is enough that our civilization will never 
relinquish the automobile, and both pop- 
ulation and automobile ownership and 
use are bound to grow. 

What of Finance?—Twenty-two mil- 
lions of automobiles last year paid in 
taxes of all kinds to the city, state and 
federal governments almost three-quar- 
ters of a billion dollars. Seventy mil- 
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lions of motor vehicles at the same rate 
would make an annual contribution of 
21/3 billions of dollars, or more than 
enough to finance six Panama Canals 
every year. 

Last year Michigan’s motor vehicles 
paid over 27 millions to our state gov- 
ernment, or an average of a little less 
than $25 each. In just about 30 years 
the normal growth in population and 
registration will have increased this 
total to 50 millions annually (or the 
equal of our recent highway bond issue) 
to be spent every twelve months by 
state and county. Within the same 
seventy-year period Michigan’s popula- 
tion will be in the neighborhood of 9 
millions, five of which will be in the 
Detroit area. Michigan’s total registra- 
tions will be at least three millions. 
With annual taxes at the same rate 
there would be 75 millions per year 
available for road building purposes. 

It is perfectly apparent that such in- 
creases in population, registration and 
revenue all lead to the necessity for 
the most earnest consideration of the 
very foundation of our highway system, 
namely, the width of right-of-way, that 
is, the distance from property line on 
one side to the property line on the 
other. 

Right-of-Way.—Right-of-way is like 
the land a manufacturer buys upon 
which to build his factory. Ninety-nine 
out of a hundred business men would 
refuse to make a permanent investment 
in plant upon a piece of ground only 
just big enough for immediate needs. 
Common sense would dictate the acqui- 
sition of enough extra land at the orig- 
inal low cost before the building of the 
plant itself made the adjoining land too 
valuable to buy for further expansion. 

We must lay aside our ox cart and 
horse and buggy yardsticks of right- 
of-way width and adopt new ones that 
fit the motor vehicle. What was an ade- 
quate width of street or highway when 
this country had 38 millions of people 
and the stage coach was regarded as a 
flying machine, is obsolete with 100 mil- 
lions of population that can all be put 
on rubber tires at one time. These 
same standards will be hopelessly im- 
possible when we have doubled our 
present registrations and practically 
useless when total registrations are 
trebled. 

To make our present plans based 
solely upon our existing situation with- 
out any provision for the future is the 
extreme of shortsightedness. 

Effect of Time.—With population and 
automobile ownership and use increas- 
ing rapidly, changes are continually oc- 
curring in the shape of improvements 
along every main traveled route. With- 
out careful planning, conditions grow 
Steadily from bad to worse. Dead ends, 


sharp turns, dangerous corners, bad 
alignments that could easily be reme- 
died in the open. country, become tre- 
mendously expensive when hemmed in 
by tall buildings as part of town or 
city. 


Ninety-nine per cent of our pres- 
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ent traffic troubles exist because in the 
past no one foresaw the coming of the 
automobile and few gave a thought io 
the future, which to us is the present. 

A reasonable and forward looking 
plan once proposed and publicly ac- 
cepted never dies, but continues to at- 
tract and inspire its own champions. 
Time works in its favor and makes ac- 
complishment possible at minimum cost, 
over a period of years, that would be 
impossible otherwise. Forethought 
costs nothing but may be made io save 
millions in future expense. Wise plan- 
ning makes time a powerful ally. 

Width of Right-of-Way.—The public 
does not generally understand the dif- 
ference between width of right-of-way 
and the width of pavement. They con- 
fuse roadway with right-of-way. 

A narrow pavement in a wide right- 
of-way can be increased at any time, 
but a narrow pavement in a narrow 
right-of-way, particularly through a 
thickly built up and congested district 
is well nigh hopeless. 


The foundation of the whole struc- 
ture of any plan for present and future 
transportation lies in the standards 
adopted for the various widths of right- 
of-way and the subsequent adherence 
to those standards. 


Master Plan.—What is needed in 
every village, town and city in every 
township, county and state is a master 
plan of the main arteries of transpor- 
tation. 

Today no community can afford to 
consider its situation as separate and 
distinct from the communities with 
which it is linked by trunk line high- 
ways. The automobile and good roads 
flood the streets of the remote hamlet 
with the traffic of a great city. 

In our opinion every village in this 
country should adopt a standard of not 
less than 120 ft. of right-of-way for 
the two thoroughfares that intersect at 
its business center, and should stead- 
fastly work to acquire that width up on 
its two main streets and upon the sec- 
tion line roads that come within its 
influence. 


120-Ft. Standard.—In thinly settled 
states or sections where land is cheap, 
the right-of-way can be made 120 feet 
just as well as any other width. In 
the snow belt the wide right-of-way 
may be the cheapest investment for 
dropping the drifts far enough from 
the traveled road surfaces so as to 
minimize the cost of snow removal. In 
thickly settled states the traffic will 
demand wide rights-of-way along all 
the important main arteries. 


The village requires 120 ft. because 
of the space using automobiles and the 
need of parking space for its own busi- 
ness without blocking the through 
travel. The great city requires 120 ‘t. 
because it must carry the great bulk 
of its mass transportation below ground. 
No opportunity should be lost by the 
village to acquire the 120-ft. widths as 
early as possible. 
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Detroit, the counties of Wayne, Oak- 
land and Macomb, and the contained 
municipalities, have created and 
adopted a Master Plan of superhigh- 
ways and interior thoroughfares. 

Superhighways are 204 ft. wide. 

Mile section line roads and interior 
throughfares are 120 ft. wide. 

Quarter section roads and secondary 
streets are 86 ft. wide. 

Residence streets are 60 ft. wide. 

Automatic Dedication of Right-of- 
Way.—Adoption by the three counties 
means that no plats for subdivisions are 
accepted by the several boards of audi- 
tors, that do not provide for dedications 
of rights-of-way to the standards pre- 
scribed along the particular routes 
affected. 

Like the mill of the gods this one 
provision is automatically and continu- 
ally grinding out the necessary widths 
of rights-of-way all over the metropol- 
itan area as our population and traffic 
grows. Time is working for us and not 
against us. It is not only saving un- 
told millions of dollars in future con- 
demnation suits, but through establish- 
ing a greater potential traffic capacity 
it is stimulating a more valuable de- 
velopment of the property served and 
is thereby increasing taxable assets. 

Super Highway Commissions.—In ad- 
dition to this method of the three 
county boards of auditors, private prop- 
erty owners associations are doing won- 
derful work along the master plan 
routes in which they are especially in- 
terested. Added to these influences are 
county and state highway commissions, 
and a new form of organization cre- 
ated under special act obtained for that 
purpose, known as superhighway com- 
missions. The latter are created solely 
for the purpose of acquiring rights-of- 
way, the improvement of which rests 
with the road commissions as before. 

What has been said about the super- 
highway portion of the master plan ap- 
plies particularly to large cities and 
their suburbs. In principle it is appli- 
cable to every village, town, city, county 
and state in the country. Potentially 
great cities with heavy motor vehicle 
registrations demand a network of 204- 
ft. superhighway rights-of-way, while 
trunk line routes of major importance 
across the states should not be less than 
120 ft. wide from fence to fence. 

Right-of-Way Acreages.—A mile of 
66-ft. right-of-way contains 8 acres of 
land while a mile of 120-ft. right-of- 
way contains 14% acres. The difference 
is 6% acres per mile. Along one of 
our trunk line roads the average cost 
of land purchased at its assessed value 
for widening the right-of-way was $400 

to $500 per mile, and fence replacing 
cost $700 per mile. The two amounts, 
together, only approximated 3 per cent 
of the average pavement cost. There 
was some additional expense for re- 
moving buildings. 

Penny Wise, Pound Foolish Policy.— 
In our opinion it is economically un- 
sound to invest $35- to $40,000 or more, 




























































































































































































































































































































































































per mile in hard surfaced roads in a 
right-of-way of 66 ft. when at so little 
increased cost it can be brought up to 
what should become the trunk line road 
minimum for the entire United States. 
It should not be less than 120 ft. The 
pavement invites traffic and enhances 
the value of the land adjacent and 
served. Traffic creates business and 
encourages the erection of buildings 
which hug the narrow right-of-way. To 
widen requires the destruction of build- 
ings and the payment of high land 
prices created by reason of the service 
given by the pavement. An adequate 
width of right-of-way should be consid- 
ered as of just as much importance as 
the thickness of the concrete or the pre- 
paration of the subgrade to receive it. 

Right-of-Way Law.—If the wisest 
thing was done for this country, Con- 
gress would pass a law under which no 
federal aid money would hereafter be 
spent on any national trunk line high- 
way, the right-of-way of which was be- 
low a minimum standard width of 120 
ft. Failing this the several states 
should enact such legislation. The very 
least that should be done would be for 
the various states to pass setback laws 
prohibiting the erection of buildings 
within 60 ft. of the center line of any 
concrete or hard surface pavement upon 
the federal and state trunk line high- 
way systems. 

The foundation of the whole structure 
is the width of right-of-way. The very 
first operation, therefore, and one that 
should precede or be coincident with 
the laying of the first improved road 
surface should be the acquisition (or 
reservation by setback lines) of the 
necessary land to provide for successive 
widenings of the pavement in keeping 
with the strategic importance of the 
route. While laying the pavements to 
serve the 22 millions of motor vehicles 
today we must keep in mind the vastly 
greater needs of the 30, 40, 50 and 70 
millions of tomorrow. 

Acquiring these rights-of-way will 
not happen of itself. It must be 
brought about through the preparation 
of a logical plan that will not only set 
up the necessary legislative foundation, 
but will effectively unite the active in- 
terest and support of all the officials 
best able to carry the plan through to 
a successful conclusion. 

This is no time to spend in vain re- 
grets for what was not done in the past. 
Let us forget the mistakes and omis- 
sions of yesterday. Our forefathers 
could not foresee the coming of the auto- 
mobile. But let us keep constantly be- 
fore us the fact that during the next 
70 or 80 years we are going to add an- 
other 105 millions to the population of 
1920, and another 50 millions to our 
motor vehicle registrations. Let us re- 
member that only through the adher- 
ence to a master plan can our growth 
be orderly and in proper relation to our 
growing needs. Let us sink our super- 
highways as deeply as possible into the 
outskirts of our great cities, and then 
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work outwards. Let us make 120 ft. 
the minimum standard right-of-way 
width for every federal and state trunk 
line highway in this country. 

Let us remember that traffic, and with 
it development, goes where it is invited 
and stays where it is well treated. Let 
us remember that those sections will 
benefit most that contribute most to the 
success of the plan. Also let us remem- 
ber that we can do today simply, as the 
result of the existence of a logical plan 
what may cost millions, or be impos- 
sible, tomorrow. 

The untouched opportunities of the 
present are almost without limit if we 
have the vision to see and the will to do. 





Highway Research Activities 


in Minnesota 


An interesting summary of the re- 
search work now being carried on by 
the Minnesota State Highway Depart- 
ment is given by F. C. Lang, Engineer 
of Tests and Inspections, Minnesota 
Highway Department, in the March 
Highway Research News, from which 
we quote as follows: 

At the present time the laboratory 
is carrying on the following investi- 
gations in co-operation with other 
agencies: 

1. Effect of tensile strength of cement 
on the strength of concrete. 

2. Standardization of field transverse 
concrete beam testing machine and 
method for use. 

3. A new method of testing sands 
using water cement ratio. 

4. Use of calcium chloride integrally 
as an admixture and curing agent. 

5. Study of fluid cement water mix- 
tures as a criterion of the concrete 
making value of Portland cement. 

Independently of other agencies we 
are conducting the following investiga- 
tions: 

1. Effect of shape and character of 
aggregate on resulting strength of con- 
crete.— Compressive and _ transverse 
tests are being made, using, under 
identically the same conditions, a 
smooth, uncrushed, impervious igneous 
gravel as coarse aggregate, a crushed 
limestone, a crushed trap, a commercial 
gravel containing cracked oversize, and 
a porous sandstone. The specimens are 
all broken at 3, 7, and 28 days. Re- 
sults will be available about April 1, 
1927. In these tests the absorption of 
aggregate is being allowed for in com- 
puting water cement ratio. 

2. Frost protection necessary for con- 
crete.—This investigation was started 
at the Duluth laboratory last year and 
is being continued at the same place. 
Concrete beams are exposed to freezing 
at different ages and some are repeat- 
edly frozen and thawed. Beams are 
also cured indoors at two temperatures 
above freezing point, approximately 40° 
F. and 70° F. 

3. Durability of paints. — Approxi- 
mately two hundred panels have been 
placed in this exposure test beginning 


August 
in the spring of 1926. Some results 
are now conclusive. 

4. Bituminous treatment of gravel 
roads and earth grades before gravel. 
ing.—This we consider the most im- 
portant and far-reaching investigation 
that we are carrying on. In this State 
there is a trunk highway system of 
approximately 7,000 miles, of which 
there are about 850 miles paved and 
over 5,200 miles of gravel. In some 
localities, gravel is scarce and expen- 
sive and its conservation is very im- 
portant. Some of the gravel roads 
should and will probably soon be paved 
as they are carrying very heavy traffic. 
There still remains a large mileage 
where the traffic is not heavy enough to 
justify paving and yet the gravel sur- 
facing is unsatisfactory, both on ac- 
count of the cost of the gravel and the 
dust nuisance to motorists and resi- 
dents along the highway, as well as the 
inability to maintain a smooth riding 
surface at all times. The gravel as 
used in this State contains from 40 to 
75 per cent passing a No. 10 sieve, so 
in many instances there is not much 
actual metal in the surface. In addi- 
tion, there is a considerable variation 
in the quality. It is placed on all kinds 
of subgrades from heavy clay to granu- 
lar soils. We are attempting to deter- 
mine the best materials to use for 
various conditions of gravel and sub- 
grade. In 1926 we constructed 81 miles 
of tar on gravel, 66.5 miles of oil on 
gravel, and 61.5 miles of oil on earth 
subgrade just previous to graveling. 
Several different kinds of road oil were 
used. Careful records of application 
procedure and maintenance costs are 
being kept. Bituminous materials and 
soils are analyzed. This investigation 
will be continued, with special observa- 
tion during the spring break-up on 
heavy soils. The investigation was 
started in 1924. 

Vibrolithic Pavement.—In October, 
1921, about 2,200 feet of Vibrolithic 
pavement was constructed, using differ- 
ent proportions and different kinds of 
aggregate. In this 2,200 ft. ten differ- 
ent sections were laid. The effect of 
lean mixtures is now apparent. There 
has been no maintenance up to the 
present time except filling cracks. 

Concrete Pavements.—Concrete pave- 
ments have been under observation for 
several years. As a result of study and 
observation we are now constructing 
contraction joints every 40 ft. 4 in, 
making the opening clear through the 
slab and filling the surface where a cap 
has been removed with bituminous 
material. Pavements similarly con- 
structed about three years ago with 
longitudinal joints are practically free 
from cracks. 





Indiana Road School Well Attended. 
—Over four hundred engineers and of- 
ficials interested in Indiana’s paving 
work attended the thirteenth annual 
Purdue road school in La Fayette, In- 
diana, this year. 
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Stone Bases for Roads 


Suggestions on Their Construction 
to Meet Modern Traffic Condi- 
tions Given in Paper Pre- 
sented June 13 Before 
Louisiana Engineer- 
ing Society 


By RODMAN WILEY 
Vice-President and Sales Manager, Kentucky 
Reck Asphalt Co.; Formerly State High- 
way Engineer of Kentucky 


As you are aware, traffic conditions 
have changed greatly in the last few 
years, yet today we are building ma- 
cadam roads and stone bases the same 
way they were built 15 years ago. As 
a general proposition, the type does 
not prove satisfactory and, in my 
opinion, it is not the fault of the stone 
base, but the fault of the engineers 
designing and building it. 

Recently, some real thought has been 
given to the design of broken stone 
bases; this, with particular reference to 
lateral displacement and subgrade con- 
ditions. It is my opinion that the prin- 
cipal failures of macadam and other 
types of stone bases are due to the fact 
that the voids have not been properly 
filled. This results in internal wear, 
causing an uneven surface. 

In all the discussion that follows I 
am taking it for granted that drainage 
and unusual subgrade conditions will 
receive proper attention. 

Base Laid in Thin Courses.—I sug- 
gest that a broken stone base be laid in 
thin courses so that the voids can be 
filled. The first course should be laid 
not over 4 in. loose, the stone shaped 
to the proper cross-section of the road 
and lightly rolled. I do not believe the 
roller should pass over it more than 
twice before screenings (% in. to dust) 
are applied and broomed in. All vis- 
ible voids should be filled, then roll once 
or twice. Again apply screenings, 
broom and roll. Repeat this operation 
until the voids remain filled after thor- 
ough rolling. By lightly rolling and 
spreading the stone in such a thin layer 
the screenings, under the action of a 
roller, will shake down through the 
course of stone and thoroughly fill all 
voids; but if a thicker layer is spread, 
or if the stone is keyed too much before 
screenings are applied, the result will 
be that the course of stone is only 
checked for a depth of 1 or 2 in. below 
the surface, leaving the stone in the 
lower part of the course free to move. 

This course should be lightly watered, 
but in no event with enough water to 
saturate the subgrade. 

It is important that the stone and 
screenings be dry, otherwise it will be 
impossible for the screenings to sift 
down and fill the voids. 

The second and third courses should 
be built as outlined for the first, ex- 
cept that the last course should be 
waterbound. The road should then be 
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closed to traffic three or four days to 
allow it to dry. Excess screenings 
should be broomed off and the top laid. 

It has been my experience that if the 
stone is spread in thin courses and care 
used in rolling, it is an easy matter to 
completely fill the voids and this will 
result in a rigid base, one that will re- 
main smooth for all time. 

This msthod of construction is no 
more expensive to the contractor than 
the method now used, except more 
screenings are required. 

The average portable crusher will 
not, as a general proposition, make 
sufficient screenings, but this can be 
met by putting in a machine that will 
make screenings or else ship in desired 
quantity. 

The thickness of such a base to carry 
modern day traffic must be left to the 
judgment of the experienced engineer. 

A great many of us who have actu- 
ally built roads in the capacity of con- 
tractors believe that greater stability 
is obtained when the first two courses 
are laid in one season and traffic al- 
lowed to pass over the base during the 
winter. The weak places that develop 
can be corrected in the spring and the 
top course laid. 

Modified Telford Base.—The modified 
telford base came into some favor a 
few years ago. This was perhaps be- 
cause of the wonderful service received 
from telford bases built throughout the 
country, especially in Kentucky, be- 
tween the years of 1810 and 1838. 
There are today in existence in Ken- 
tucky many sections of telford base 
laid 80 to 100 years ago. Such sec- 
tions have been unprotected by a proper 
wearing course of stone or by any 
water-proofing material, yet they have 
withstood the action of traffic—have 
supported the loads. It is true, the 
work was done with a great deal of 
care and this was possible because of 
the cheapness of labor in those days. 
It does prove that design and details 
of construction really count—results in 
a worth while structure. 

We know that some men will use 
the same amount of stone as that used 
by others under identical conditions, 
yet some roads are better than others. 
This shows the importance of details 
of construction. 

There has been some dissatisfaction 
with the modified telford base in the 
last few years because of the fact that 
the surface would in a few years be- 
come uneven. Again I must say that 
I do not believe it is the fault of the 
type, but rather that it is due to faulty 
design and construction. The stone 
should, of course, be set shingle fashion, 
the idea being to break joint, the 
greatest dimension side of the stone sete 
on the ground. The course should be 
about 8 in. in thickness and especial 
care should be taken to get the stone 
as near to ideal shape as possible. But 
the principal idea is to have each stone 
8 in. in depth after knocking off the 
tops. Do not have some stone 8 in. 
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deep—some 5 in., etc., and attempt to 
bring to proper thickness with spalls 
in an effort to use all stone shot down 
in the quarry. The fine pieces which 
are easily knocked off with a hammer 
will serve to chink and level up the 
course. 

After knocking off the tops, the voids 
should be thoroughly filled with some 
very fine material. The idea in using 
a fine material is to be certain it will 
sift through for the full depth of the 
course and completely fill the voids. 
It is best construction to do most of 
the void filling before very much roll- 
ing. In order to insure even compres- 
sion some fine stone should then be 
spread on top of the telford to prop- 
erly even up the rough surface. Then 
roll until the course is well compacted. 
Apply more screenings, lightly water 
and roll. 

Next apply a levelling course about 
3 in. compacted. Fill the voids with 
screenings and water-bind. I think that 
if a base of this type is properly con- 
structed it is one of the best types to 
build. 

If greater depth is needed, add an- 
other course of stone and water-bind. 

There are many sections of the coun- 
try where sandstone and other soft 
stone can be found in abundance and 
I am sure that it can be used econom- 
ically for a base under some kind of 
an asphalt top. 

I have merely discussed the water- 
bound macadam and the modified tel- 
ford base. It is believed that these types 
cover the general field. All others will 
be modifications, made necessary to suit 
some local conditions. The main thing, 
regardless of type or size of the stone, 
is to fill all the voids. 

We should study soil conditions and 
design each section of the road accord- 
ing to supporting power of the soil and 
loads that must be carried, just the 
same as we study these things when 
designing a bridge abutment or pier. 
It is rank foolishness to arbitrarily 
build the base the same thickness and 
type for the entire length of the road. 


Reconstruction.—There are now over 
our country a great many old roads 
surfaced with macadam and gravel 
where the alignment, drainage, etc., is 
good and about all that is needed is to 
strengthen the base and add a bitumi- 
nous top. 

It is little short of criminal not to 
conserve the present investment in the 
surfacing. Good engineering naturally 
implies conservation, not destruction. 

I think the best construction is to 
dig a trench across the road the width 
of a shovel at many places and meas- 
ure the depth of the present base. For 
the purpose of calculating the amount 
of new material to use—consider the 
present base 50 per cent of its real 
depth. In other words, if the base 
measures 6 in., value it at 3 in. The 
reason for this is the fact that the old 
metal is filled with dirt and other for- 
eign materials and certainly should not 
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be given a much greater value as com- 
pared to new stone and new gravel. 

It has been my experience that the 
best way to proceed with such construc- 
tion is to fill the hones, ruts, etc., in 
the present surface with stone or gravel 
—lightly scarify the surface and prop- 
erly shape it with a grader. 

There may be some question as to 
scarifying, but it is believed best to do 
this, especially if less than 4 in. com- 
pacted new material is to be added. 

By filling the holes before scarify- 
ing, the weak places will be properly 
strengthened. If the holes are not filled 
before scarifying, it is my experience 
that the depressions will follow the base 
to the surface because very fine ma- 
terial will be dragged into the low 
places when the road is shaped with a 
grader and there is no stability to the 
fine material dragged into the holes. 

After the surface is properly shaped, 
new material can be added for a suffi- 
cient depth to make a stable base. 





Industrial Notes 


Lynn B. McKnight, who for the past eight 
years was associated with the Dodge Manufac- 
turing Company of Mishawaka, Ind., in various 
sales capacities, has been appointed sales man- 
ager of the Stearns Conveyor Company of Cleve- 
land, manufacturers of Stearns Belt Company 
and Silo Storage Systems. Mr. McKnight was 
with the Dodge Manufacturing Corp. from 1919 
to 1921 at their home office in Mishawaka, Ind., 
and in 1921 was sent to the San Francisco 
office to take charge of the Pacific Coast for 
Dodge. In 1923 he was made sales manager of 
the Cleveland and Pittsburgh district. Mr. Mc- 
Knight is a graduate of the School of Mechanical 
Engineering of Purdue University, Lafayette, 
Ind., 1915. 

The Stearns Conveyor Co., manufacturers of 
belt conveyors, is owned by Chain Belt Company 
of Milwaukee. 

The Waukesha Motor Company, manufacturers 
of heavy duty Ricardo Head industrial and 
vehicle engines, have opened their new eastern 
sales office at 8 West 40th Street, New York 
City. This office was formerly in the Aeolian 
Building, 33 W. 42nd Street. 

The Industrial Works, Bay City, Mich., manu- 
facturers of shovels, cranes and draglines, 
equipped with crawler or rail mountings, an- 
nounces the closing of their district office for- 
merly located at 823 South Oregon Avenue, 
Tampa, Fla., effective immediately. The district 
office at Atlanta, Ga., located in the Hurt Build- 
ing, that city, will handle all of Florida, Ala- 
bama, Georgia, North Carolina, South Carolina 
and the eastern portion of Tennessee. 


Harnischfeger Corporation, factory and home 
office at Milwaukee, Wis., recently exported 
eleven of their latest model excavators to Cuba. 
These eleven machines are now working on the 
longest paved highway ever covered by a single 
contract. The Central Cuban Highway will ex- 
tend almost the full length of the island, pass- 
ing through the provinces of Pinar Del Rio, 
Havana, Matanzas, Santa Clara, Camaguey and 
Santiago. This long highway will be paved with 
Warrenite Bitulithic, a product manufactured 
by Warren Brothers Company, the principal con- 
tractors on the job. P&H machines are being 
used exclusively, and many dragline, shovel, 
clamshell and skimmer scoop attachments were 
purchased by the contractors with which to meet 
every requirement in connection with highway 
construction work. 

It is estimated that an expenditure of $75,- 
840,000 is involved in financing this extensive 
project. The finished paved highway will be 
more than 700 miles long. Carlos Migual De 
Cespedes, Secretary of Public Works, has 
pledged its completion in 1931. In addition to 
the eleven P&H excavators 
Central Cuban Highway, the Cuban Govern- 
ment has purchased four machines with which 
to carry on a program of municipal and port 
improvements. 

Splitdorf Electrical Co. have recently ap- 
pointed the following service stations: H. A. 
Kennedy, Larned, Kan.; Blount’s Electric Serv- 
ice, Market Street at Sixth, Washington, N. C.; 
Roy C. Bradley, 371 East 4th Street, San Ber- 
nardino, Cal.; Fullerton Auto Electric Co., 140 
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West Commonwealth Avenue, Fullerton, Cal. ; 
Cheatum Electric Co., Liberal, Kan. 

The Willamette Equipment Company of Port- 
land, Ore., are now authorized representatives 
of the Galion Iron Works and Mfg. Company, 
for the state of Oregon. 

They will handle the complete Galion line 
of road graders, road rollers, motor graders 
and other road building and maintenance equip- 
ment. 

The sale of the New Galion Leaning Wheel 
E-Z Lift graders and Galion MeCormick-Deering 
E-Z Lift motor graders will receive special at- 
tention and with other machines will be stocked 
at Portland. 

A good supply of Galion tough, hard alloy 
steel grader blades will also be carried in stock 
by them to fit practically all makes and sizes of 
graders in use in Oregon. 

This progressive concern is very well known 
in their territory and are looking forward to a 
large business in Galion Road Machinery. 

Harnischfeger Sales Corporation of Milwaukee 
announces that due to increased volume of 
business it has become necessary to make the 
following additions in the sales department of 
their organization: Mr. S. Breyman, Mr. 
M. A. Germond, Mr. D. Graze, Mr. Deane S. 
Holt and Mr. J. C. Yetter. 

W. H. Williams has been added to the Split- 
dorf Electrical Co. field service division. Mr. 
Williams is at present traveling Pennsylvania 
and adjacent states calling on Splitdorf service 
stations, branches, highway departments, agents 
and distributors of manufacturers using Split- 
dorf automotive equipment. Announcement of 
the appointment was made by L. E. Farine, 
manager of the Splitdorf products service. 

Mr. R. P. Shimman, of the Link Belt Com- 
pany, has been appointed assistant to the chair- 
man and the president, and will, hereafter, make 
his headquarters at 910 S. Michigan Ave., Chi- 
cago, the general offices of the company. 

Mr. Frank B. Caldwell has been appointed 
sales manager of the same concern, with head- 
quarters at the Chicago plant office, 300 W. 
Pershing Road, and will have supervision over 
all sales activities in the Western Division. 

William Ogden, better known to his many 
friends as “‘Bill,"”” who has been associated with 
the Lakewood Engineering Company for the 
last five years, has left that company to become 
the manager of the State Highways Division of 
The Austin-Western Road Machinery Co. of Chi- 
cago. 

G. F. Schlesinger, Director of Highways and 
Public Works, State of Ohio, announces the 
appointment of Mr. Fred E. Swineford of Akron, 
Ohio, as chief engineer of the Bureau of Mainte- 
nance of the Division of Highways effective July 
1, 1927, succeeding Mr. George E. Carr, resigned. 
Mr. Carr has not definitely decided his future 
employment although he is considering several 
attractive offers. 

Mr. Swineford has been division engineer of 
Division No. 4 with headquarters at Ravenna, 
Ohio, since July, 1923. Prior to that time he 
was employed in the department as assistant 
resident engineer. He is a graduate of Ohio 
— University with a degree of civil engineer 
in 1915. 

Mr. Swineford will be succeeded as division 
engineer in Division No. 4 by Mr. L. A. Breen 
who at the present time is assistant division 
engineer at Ravenna. Mr. Breen has been con- 
nected wth the Highway Department since 
March, 1916. He received his college education 
at the University of Akron. 

These appointments are in line with the fixed 
policy of the department to promote employees 
in service whenever justified by their record in 
the department. 

C. W. Hall, formerly manager of the Lansing 
distributing branch of the Olds Motor Works 
and later with the Reo Motor Car Company, 
has joined the sales department of the Duplex 
Truck Company of Lansing, Michigan. 

The Selden Truck Corp., Rochester, N. Y., 
manufacturers of Selden Motor Trucks, have 
announced the following new dealers: 

Southern California 

G. Pendell, Inc., 1253 So. Hoover St., 
Los Angeles. 
Philadelphia and Vicinity 
G. G. White, 1523 Brandywine Ave., Phila- 
delphia. 

Hagerstown, Md., and Vicinity 

Wood's Auto Service Co., 805 Pennsylvania 
Ave., Hagerstown. 

Newburgh, N. Y., and Vicinity 

Harcourt Motor Co., 245 Broadway, New- 
burgh, N. Y. 

io 

Thomas Hillman, Mansfield, Ohio. 

W. E. Ellis, Findlay, Ohio. 

The same concern has appointed W. L. Pof- 
finberger, of Bellevue, Ohio, as district repre- 
sentative in Northern Ohio, while C. M. Thorpe, 
with headquarters at Standard Supply & Equip- 
ment Co., has been appointed district sales man- 
ager for Selden Trucks in Philadelphia and 
surrounding territory. 
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New Trade Publications 


Dragline Buckets.—The Blaw-Knox Company, 
601 Farmers Bank Building, Pittsburgh, Pa., 
in a folder recently issued, describes a new 
dragline bucket that they now manufacture. This 
is the bucket that was on display at the 
Road Show last spring. The bucket that was 
on display, according to the folder, was pur- 
chased by a prominent Chicago contractor, and 
has since then been working on a 30-B Bucyrus 
crane, equipped with a 45 ft. boom, digging an 
artificial lake for the new zoo at Riverside, Ill. 
This 1%4 yd. bucket, it is said, is giving a good 
account of itself. Other sizes, from % yd. to 
2 yd. capacity, are now available. 

Graders.—The Wehr Company, of Milwaukee, 
Wis., manufacturers of a one-man Fordson- 
powered grader, have just sent out an inter- 
esting leaflet, on one side of which is described 
the grader, while the reverse bears an inter- 
esting poem by W. Burns, County Com- 
missioner of Gem County, Idaho, bewailing the 
fate of the county commissioner. 

Steel Posts.—The Sweet's Steel Company of 
Williamsport, Penn., has just issued a new 
booklet describing their complete line of Hercu- 
lean Special Flanged Leg Channel Section and 
Herculean Steel Posts. The booklet is profusely 
illustrated with steel post adaptations for fences 
of every description, sign posts for highway 
markers, road intersections, etc. 

Power Shovels.—The Speeder Machinery 
Corporation, of Cedar Rapids, Iowa, manufac- 
turers of the Speeder one-half yard convertible 
shovel, have issued a new 32-page catalog show- 
ing many cases in which this machine has been 
used as a power shovel, crane, dragline, skim- 
mer, or trench pull-shovel, handling all types 
of digging. Not only are these installation pic- 
tures worth examination, but the catalog con- 
tains full data and specifications of the machine 
as well, and such information is assembled in 
a way that should prove helpful to the prospec- 
tive purchaser. 

Power Shovels.—The Thew Shovel Co., of 
Lorain, Ohio, describe, in a recently issued cir- 
cular, their Lorain 75, equipped as_ shovel, 
crane, and dragline, telling by word and by 
photograph how the machine so equipped has 
been used by contractors on many jobs. Promi- 
nent among the work shown is a big dirt mov- 
ing job in Texas where the dump wagons used 
on the job held but one dragline bucket full 
of dirt. 

Graders.—The Austin Manufacturing Co., Chi- 
cago, Ill., have just issued an interesting circular 
describing their leaning wheel graders equipped 
with the telescopic axle feature. A new com- 
plete catalog has also been issued that shows 
the same equipment in greater detail. 





New Books 


Bridge Architecture; by Wilbur J. Watson, 
C.E., A.S.C.E.; William Helburn, Inc., 15 E. 
55th St., New York City, Publishers ; 11x14, 288 
pages, 213 illustrations, 66 pages of explanation 
and history of structures, together with biogra- 
phies, etc. Edition limited to 1500 copies, board 
covers. $17.50. 

The purpose of this interesting book 
is to illustrate the art of good bridge 
design, both as to composition and de- 
tail, as exemplified by ancient and 
modern bridges, illustrating the prin- 
ciples by means of a wealth of care- 
fully selected photographs. Over two 
hundred illustrations, most of which 
are full page plates, are classified ac- 
cording to period and for modern 
bridges, into types. The text includes 
descriptions of many of the bridges il- 
lustrated, some historical data, and con- 
siderable literary and legendary lore, 
all of which should prove interesting to 
the engineer and the architect. Tech- 
nical terms have been avoided as much 
as possible. This book, illustrating as 
it does many good designs of past cen- 
turies and of today’s engineers, has 4 
definite inspirational value for the man 
who is as interested in the architectural 
design of his bridges as he is in the 
engineering design of the structure. 
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